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D'S great number of books of Sur- 


veying have already been publiſhed, 
and ſome of them by very eminent authors, 


it is therefore neceſſary that I ſhould give 
my reaſons for adding one more to the 
number. Having in my youthful days 
practiſed Surveying by the Plain Table ; 
in which I found many inconveniences 
and errors, ſuch as the often ſhifting the 
paper, unleſs a ſcale too ſmall for deter- 
mining the contents, to any tolerable 
degree of exactneſs, was made uſe of; 
like iſe the paper's expanding in wet or 
2ͤͥ 
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damp weather, in the field where the di- 


S 


menſions were taken; and contradling i in 


eee _ 
pF br OY er od oe ane 
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the houſe in a warm room where the 
contents are generally caſt up. Theſe, 
and ſome other inconveniences I met 


with, induced me to lay this inſtrument 


aſide, and try the Theodolite. The Theo- 
dolite I made uſe of, was of my own con- 
ſtructing, and made by that very ingenious 6 


mechanic Mr. Folm. Baddeley ; 1t was eleven 


inches diameter, having a vertical arch, 
teleſcopic ſights, and two ſpirit levels, 


| and moved by tooth and pinion, adjuſting 


ſcrews, &c. Being thus equipped with a 
grand theodolite, I practiced Surveying 
according to the methods laid down by 


"Wild; Hammond, Kc. in their books of Sur- 
veying, but I ſoon found this inſlrument 


too cumberſome and heavy to be conve- 
niently carried about, and alſo liable to 


be 
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be damaged if truſted in the hands of per- 
ſons unacquainted with. its ule. And 
having ſome time aſter conſtructed a large 
Hadley s Octant of thirty inches radius, 
(for meaſuring the moon's diſtance from 
the ſun and ſtars, in order for finding the 


longitude at ſea, and in which I have fully 


ſucceeded, but cannot yet get it intro- 
duced to the Board, of Longitude, though 
far preſerable to any they have publiſhed), 


by which I ſoon found I could meaſure 
angles in all poſitions, as well horizontal 


as vertical, as large as go degrees; and 
began to think that an inſtrument of 
this ſort: may be of uſe in ſurveying of 
land, eſpecially if it could be ſo conſlri 
ed as to meaſure at once an angle greater 


we HS: | 


than go degrees; and accordingly I con- 
firuged and made one of fifteen inches 
radius, whoſe arch or limb was the fixth 
© 1» 
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part of a circle, and with which 1 cquld 
meafure an angle of 120 degrees; this 1 
found was in general, ſufficient to meaſure 
all the four angles of a trapezium: it was 


quite portable, and I could take an- angle 


in one fifth of the time required to do the 
ſame by the theodolite, and therefore 


thought it a very. proper ſubſtitute for that 


inſtrument. Being ſtill unſatisfied with 
the common methods of planning for the 


contents, and of the multiplicity of angles 


and ſtation lines to be meaſured, and then 
to be plotted down ; and that they ſeldom 
or never would cloſe, and conſequently 


the contents could ſeldom be right. 1 


therfore contrived to meaſure all pieces or 


parcels. of land, by three or four ſtation 


lines, and three or four angles only; for 
conſidering that the two ſides of a triangle 
being multiplied together, and that pro- 
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duct multiplied by the natural ſine of the 
included angle, this laſt product would be 
double the area of the triangle; and 
whereas a trapezium contains two trian- 
gles by drawing a dia gonal, its content 
might be ſound in like manner, at or by 
two operations. From this conſideration | 
I I conſtructed table the 3d of angles and 
factors (ſee page 93), being half the natural 
ſines of the angles they ſland againſt, re- 
duced to the radius 1. Having diſcovered 
this moſt accurate method of ſurveying; 1 
advertiſed in A R1$'s Birmingham Gazette, in 
1763; to teach this my new method of 
Land Meaſuring by the Catoptric Sextant, 
whereby all lands were caſt up by the Pen 
only. And this ſextant, and this method. 
I believe were firſt invented, and” firſt 
made uſe of in ſuryeying by me; as Thad 
Roe heard of nor ſeen any ſuch before, 


ag not- 
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veyors call) the long line, and in which 
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notwithſtanding the catoptric ſextant is 


now become a very common and uſeful 


inſtrument. 
| Having not only taught, but practiced 


this new method, now about ſixteen years, 


and can pronounce it to be the moſt ex- 
peditious, the moſt eaſy and the moſt 


exact method yet known, or at leaſt yet 


publiſhed; as it not only admits of the 


land being caſt up by the pen only, with-" 


out having any regard to ſcale and com- 


paſſes ; but alſo admits of a certain proof 


whether the dimenſions are taken right or 
not: and therefore thought I could not 
do a more beneficent act than make it 
public. . 

Perhaps ſome of my readers may ſur- 
miſe that I am unacquainted with the 
method of ſurveying by (what ſome ſur- 
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the chain only is uſed; this method is not 
only very laborious, but as in the method 
by the plain table and theodolite, depends 
upon the ſcale and compalles for the 
contents. | 

In the following work will be wand 
many other things entirely new, and not 
to be met with in any other author ; of 
ſuch is the 22nd Prob. of Geometry, ſhew- 


ing now to divide a quadrant, or any arch 


of a circle, into any number of equal 


parts, as far as the fourth part of a degree, 
or fifteen minutes, by continual biſection . 
being of uſe in Ame ee 
inſtruments. 

Likewiſe a ſmall table: for ending bi 
areas of the ſegments of circles, (without 
the trouble of finding the circle's diame- 
ter) by having the chord and height of 
the ſegment given; being of great uſe in 

. find- 
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finding the areas of off-ſets, when the 
fences or part of them are curve lines; 
Which are very common in old incloſures. 
And though this table contains but eleven 
factors, it is ſufficient for the uſe of the 
ſurveyor, and may be further extended 
for the nicer parts of menſuration. ſuch 
as gauging, Ne. to 20 oils odio yas 
In the diviſion of land. are eben new 
paoblems particularly the ad. 8th. and 
gth. the 2d. ſhews how. to divide land, 
ſuch as commons, &c, according to quan- 
tity, and quality. The 8th. ſhews how to 
divide any right lined figure in any pro- 
poſed ratio, by right lines from a point in 
one of it's ſides, by pure geometry. The 
gth. :ſhews how to do the ſame from a 
Point near the middle, 
In the Appendix, I have given an en- 
tr &, DEW method of meaſuring heights and 


_ diſtances, 
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diſtances, both acceſſible and inacceſſible 3 
and that without having the leaſt know⸗ 
ledge of trigonometry; and alſo of 'mea- 
ſuring ſtanding timber, nearly as exact 
1 expeditious as if fell. 2 
I have alſo added a new table for” the 
| valuation of land. F 
Many other EE of bene will 
be found in this work, as may be ſeen in 


the table of contents; but are too nume- 
rous to be ſpecified in a preface. ' | 
J am afraid that ſome of my readers 
will complain that I have omitted County 
and Coaſt Surveying; and indeed, as it 
might have been eaſily added in the man- 
ner it is done by other authors, contain- 
ing only a few pages, may give them ſome 
pretence. But I can aſſure them, that 
the many improvements I have made, and 
that are ae) neceſſary for making a . 


compleat 


* 
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compleat county map, would bave ſwelled 


this volume too much. Beſides; as any 
ingenious perſon well acquainted with 


what I have wrote in this book, may make 
a map of a county, as correct as from any 
other author. 


I have alſo omitted the whos of per- 


ſpective publiſhed in thoſe books which 


treat of the new improved theodolites ; 
not but it may be done as well with the 
ſextant as the theodolite, but becauſe I 


think ſuch as would be compleat drawers 


in perſpective, had better learn the true 


geometrical principles of perſpective. 


However, as ſome of my readers may 


not have an opportunity of learning the 


above principles, and yet would like lome- 


times to take a perſpective plan of a gen- 
tleman's ſeat, landſcape, &c. E: ſhall en- 


deavour to ſhew them how it may be 


. . 


done, 
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done, though they are entirely unac- 
quainted with the rules of perſpective. 

They muſt procure a ſtaff about their 
own height, one end muſt be made ſharp 
to ſtick in the ground, and the other muſt 
have a flit to flick in a ſmall ſquare piece 
of glaſs; upon this glaſs muſt be drawn 
with a diatnond (or for want of that, with 
a fine nibbed pen, or a drawing pen with 
ink), fine parallel lines, both ways acroſs 
the olaſs at equal diſtances, and at right 
angles, ſo ſhall there be formed a parcel 
of little ſquares ; let theſe be figured as 
taught in the reducing of land by ſimilar 
ſquares: next muſt be procured a piece of 
wire about a foot long, and bent at two 
or three inches from one end in a right 
angle, the other part remaining ſtraight; 
to the part thus bent up, muſt be fixed & 
5 ſmall circular piece of paſteboard or card, 
| about 
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about two inches diameter. which muy 
eaſily be done, by leaving a ſmall kind of 
ſtale or handle to the paſteboard or card, 


by which it may be tied to the wire; in 
the center of this paſteboard muſt be 4 


ſmall round hole to look through when i 
uſe; this wire muſt. ſlide very right 


through a hole near the top of the ſtaff, 
and at right angles to the plane of the 
glaſs, ſo that the planes of the paſteboard 
and glaſs may be nearly parallel, and the 
hole in the paſteboard to face nearly the 
middle of the glaſs; and thus have they a 
moſt fimple but compleat infirumert for” 


drawing in perſpective. 


When a plan is wanted, they muſt fix 


a clean piece of paper on a little (drawing) 


board, a little larger than they deſign their 
plan ſhould be; upon this paper muſt be 
drawn little ſquares like thoſe on the glaſs, | 
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only larger if the plan is wanted larger 
than the glaſs, and ſmaller if it is wanted 
leſs; theſe lines may be drawn with red, 
ink, in order to diſtinguiſh the pencil lines 
the better while drawing; then, having, 
fixed down the ſtaff and adjuſted the paſte- 
board. ſo that they may ſee through the 
hole, the. whole of the object or objects (to 
be drawn) on the glaſs; then by obſerv- 
ing through the hole in the paſteboard on 
what ſquare, or part of a ſquare, any part 
of the object falls on the glaſs ; and mark- ; 
ing the ſame on the correſponding ſquare 
on the drawing board; if it be a building, 
firſt mark the out corners, then join them 
with-right lines, (which may be cafily done 
by help, of a ſmall ruler). then mark the 
4 windows, doors, chimnies, dc. all which 
1 being properly drawn and ſhaded as they 
5 armer to the eye on the glals, will give a 
moſt 
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moſt exact perſpective plan; and that in 
much leſs time than even the angles could 1 
have been taken with che beſt theodolite. 
As this is likewiſe an invention of my 
own, I ſhall call it deſigning by n. 
ſquares, or mechanic perſpective. 
This method of deſigning is applicable 

to all ſorts of objects, as well within doors 
as without, and therefore may be ſaid to 3 
| be univerſal, and conſequently: univerſally | 
—A. ͤ ͤ Brow L0pk 85 11877 
A more grand inſtrament indeed may 
eaſily be conſtructed, but, perhaps, not a 
more uſeful one. | 1 
I have only to add, that I have endea- 3 
voured to make this work, as.perfet, and 
as uſeful, as poſlible ; as to full perfection, 
it muſt not be expected from human na- 
ture ; (it 1s only the works of a Supreme I 
Being that are abſolutely perfect;) but it ; 
| may 
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may be abſolutely uſeful : and if it meets 
with ſuch a charaQer from my friends and 
the public, I have my wiſhes. 

| As to the critics, I hope they will have 
candour enough to paſs over a few tauto- 
logies, miſconſtructions, or ſlips of gram- 
mar, as I was not ſtudying grammar, but 
geometry. Upon the whole, if I have ad- 
ded any thing uſeſul to mankind, I ſhall 
think I have not ſpent my vacant hours in 
vain, as we all ought to be ue members 
one to another. 
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STOTION £ 


ontaining ſome uſeful Geometrical definitions. 


EOMETRY Originally ſignifies the | 
art of meaſuring the Earth, or any | 
Iainances or dimenſions on or within it. 
ut it is now uſed for the ſcience of quan- 5 
ity, extenſion or magnitude, abſtractly 
onſidered, without any regard to matter. 


Geometry very probably had it's firſt 


5 iſe in Egypt, where the Nile annually - 
pverflowing the country, and covering it 
| with 
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with mud; obliged men to diſtinguiſh 
| their lands one from another, by the con- 
ſideration of their figure; and to be able 
alſo to meaſure the quantity of it, and = 
know how to plot it, and to lay it out 
again in it's juſt dimenſions, figure and 
proportion: After which it is likely a far- 
ther contemplation of thoſe draughts and 
figures, helped them to diſcover many ex- 
cellent and wonderful properties belong - 
ing to them ; which ſpeculation continual- 
ly was improving, and is at this very day. 


 GEOMETRICAL DEFINITIONS. 


I. A Point is the beginning of magni- 


tude, and the bound of a line, and may 
be conceived to be infinitely ſmall; though 
we may repreſent it by a ſmall ſpeck or 
dot with a pen thus (.) 


Szc. IJ. DEFINITIONS. 3 

c Il. A Line is generated or produced by 
the motion of a point; and is the bound 
of a ſuperſicies, and may be repreſented | 
by the motion of a pen by the edge of a 
ruler, as from A to B. (Fig. 1.) It is 
either right when it is the ſhorteſt diſtance 
between the two points A and B; or curv- 
ed, when it is not the ſhorteſt diſtance be · 
tween two points as the line CD. 


III. A Superficies is generated by the 
motion of a line, and has two di menſions, 
viz. length and breadth. A ſuperficies 
may be contained within one curve line, 

but of right lines it cannot be contained 
in leſs than three. 
. Moſt authors and eſpecially. 
Euclip, define a point to have no parts; 
or that it cannot be divided, no not even 
in thought. Yet a line is produced by 
| B E the 


* |  GEOMETRICAL ssc. 1. 
the motion of a point, and is ſaid to have 
length, but neither breadth nor thickneſs. 
But how can that which has no parts pro- 
duce magnitude or length ? or how can no- 
thing produce ſomething? _ 


IV. A Circle is a plain figure bounded 
by one curve line ABGD, called the cir- 
cumference; the middle point whereof C, 
is called the center, from which all right | 
lines as CA, CB: CF, CG, are equal, and 
called the radius. The diameter is a right 
line which paſſeth through the center and 
touches the circumference in two points 

as AG, (Fig. 3.) 

As Semicircle is half an entire circle as 
ABG. | „ 7 bo 

A Segment of a circle is a figure con- 
tained between a right line called a chord 
as EF, and any part of the circumference 

EDF, or EBF, called an arch, 


Fa SE 


src. I. DEFINITION. 5 
A Sector of a circle is made by two ra- 
dius's as CG and CF, and part of the cir- 
cumference FG. | ; 
A Quadrant of a circle is the foulith part, 
or that contained between the lines CA 
and CB, and part of the circumference AB. 
Every circle is ſuppoſed to be divided 
into 360 equal parts called degrees ; a de- 
gree into 60 equal parts called minutes ; 
and a minute into 60 equal parts called 
ſeconds, &c. 


V. An Angle is the inclination or meet- 
ing of two right lines as CG and CF, or 
CA and CF, in the point C. (Fig. 2) 

A right Angle is made by one right line 
BC, ſtanding on another AG, and mak- 
ing the angles on both ſides equal, as the 
angle ACB is equal to the angle BCG, 
each being a right one, and containing the 

B 3 5 | fourth 


— —U— —— — — 


6 GEOMETRICAL sro. I. 
fourth part of a circle or go degrees; and 
the line BC is ſaid to be emen to 
AG. 

N. B. Where an mat; is at FE | 
three letters (as above) the middle one al- 
ways denotes the angular point. 


An acute Angle is leſs than a right an- 
gle, as the angle FCG. 
An obtuſe Angle is greater than a right 


angle, as the angle ACF. (Fig. 2.) 


WI. A plain Triangle is a figure or ſu- 
perficies bounded by three right lines; and 
of which there are the following ſorts. 


Firſt, an equalateral triangle is that 
whoſe bounds or ſides are all equal as 
(Fig. 3.) 


Second, an iſoſceles triangle is when 
only two ſides are equal as (Fig. 4.) 


Third, a ſcalene triangle is when all 
the three ſides are unequal as (Fig. 5.) 
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Fourth, a right angled triangle is that 
which has one right angle as ACB (F ig. 6.) 
whereof the ſide AB oppolite to the right : 

angle is called the ee 


VII. A Square, is a four-ſided figure 
whoſe ſides are all equal; and it's angles 
right ones, or each equal 90 degrees. 
(Fig. 7.) 1 


VIII. A Parallelogram, is a four- ſided 
figure, whoſe oppoſite ſides only are equal 
and angles right ones. It is alſo called a 
Rectangle. Fig 3) 


= 1X. A Rhombus, is a four-ſided figure 
1 baving all it's ſides equal. and the oppo- 
W ſite angles equal but not rig ght ones, two 
being acute and two obtuſe. (Fig. 9.) 


B 4 | * 


8 GEOMETRICAL . Se. 1, 

X. A Rhomboides, is a four-lided figure 
having only it's oppoſite ſides equal, and 
it's oppolite angles equal but not right 
ones. (Fig. 10.) 


XI. A Trapezium, is a four- ſided figure, 
having all it's ſides as well as angles un- 
equal. (Fig. 44) 

Note, If a right line be draw from 
the oppoſite angles of any four-{ided 
figure, it reduces it to two triangles, and 
ſuch line 1s called a diagonal, as the dot- 
ted line AC. (Fig. 11.) 


XII. A Polygon, is a figure having 9 
more than four ſides; and if the ſides and 3 
angles are unequal it is called an irregular 
polygon ; but if the ſides are all equal it 
is called a regular polygon ; and are nam- 
ed according to the number of it's ſides as 
ſollows. ” A Pen- 


"| 


xc. 1. DEFINITIONS. 9 
A Pentagon, has five equal Gdes and 


angles each angle at the circumference is 


108 degrees, and at the center 72 degrees. 


A Hexagon, has fix equal ſides and an- 
gles, each angle at the circumference is 
120 degrees, and at the center 60 degrees. 
A Heptagon, has ſeven equal ſides and 
| angles, each angle at the circumference is 
128,57, and at the center 51,43 degrees. 
An Octagon, has eight equal ſides and 
angles, each angle at the circumference is 
135, and at the center 4z degrees, 1 
A Nonagon, has nine ſid es and angles, 
each angle at the circumference is 1 
and at the center 40 degrees. 
A Decagon, has ten equal ſides and an- 
| gles, each angle at the circumference is 
| 144, and at the center 36 degrees. 
An Undecagon, has eleven ſides and 
| angles, each angle at the circumference is 
147. 


Ed 5 
n 
r Ee; 3 


a — 
or 
__ 
. 

* 
5 
85 
IF _ 
3 

"Ry 
— + 

AF, 

7 
3 

= 
8 

*& 

8 

8 

2 

Rc 

. "RWe 

- 
9 
© 76 
8 
75 + 
9 
9 
2 

> £ 

Hes 
EPS 
* b 
2 
2 of 
25 
— 
Tn 

2 
5 z ; 
75 
vt 
* 

- 
Wm 5 
88 
23 
A A; 

2 

Ds 
2 8 
Eo.” 
3 
tl 
©. 
Ba 
34 
IP 
2 

2 
5 
3 
15 
* 

8 

72 

9 

. 

7 

＋ . 

+ 

WR 4 
3 

3 
A 
MG 
By 
. 
. 4 
ED 
22 - 
"Is Ws 
Gs 
3 
Dt 

Bo 
PI 
NY A 
8 

2 
. 
WT 
LD 
1 
Fe Vs 
oP, 
"$5. 
* 
8 

8 
# 
* 
> 
4 
Fs 
* 
Fe 
Woe 
LY 
4 
Na 
2 5 
— 
# 
8 3 

E LE, 

8 
LE 
#74) 

3 
3 
os 
8 

2 
FE 
3 
LEE 
A 25 

Vs 
5 
5 
8 
8 

8 

Meng 

"46 
7 

3 
G's 
5 

Rac? 

ky 

1 

1 

< 8 

. 
N 

1 

"ASE 

"IE 

1 

*# 3 
We” 
1 
+36 

RF.” 

Ws 

Pp 

BE 0 
2 
1 
* 
1 
* 1 
5,4 
i DS 
"FOI 

WR... 1 
Woe 
r 
8 
E 85 
32 
* SB 
3 
A 
FD 
1 
1 
8 
+ > 
1 
"Nv 

"ty 

& wy 

8 
1 

FAY 7 q 
1 
3 
© 
3 
gh 

85 
iT, 2, 
£3 
$4, 
5 
0 25 8 
9 
FRY, 
. 
3 
£245 
7 4 5 
. 
1 
. 121 
© In 

BR 
Fe 

ip 

1 
Wwe > | 
* ES, 1 
1 

8 
3 
3 
IF 
3 . 
4 
r 
2 
Be" 
in 


3 GEOMETRICAL sc. L 


147, 27, and at the center 32,72 degrees. 


A Dodecagon, is a figure of twelve equal 


| fides and angles, each angle at the circum- 
ference i is 150, and at the center 30 de- 


grees. 


XIII. An Ellipſis (or oval), is a plain 


figure bounded by one curved line called 


the circumference or periphery ; and is 
produced by the ſection of a Cone. And 
may be produced alſo by the motion of two 
right lines about two fixed points, (called 
focuſes) theſe right lines are continually 
varying their lengths, and as one length- 
ens the other ſhortens and vice verſa ; 
making their ſum every where the ſame, 
and equal its longeſt diameter. 

The longeſt diameter is called the Tranſ- 


verſe diameter or axis, as AB. Fig. 12.) 


The ſhorteſt diameter DE, is called the 


conjugate 


Cc 


th 


Sec. II. PROBLEMS. n 
conjugate diameter or axis; Ny theſe tro 
diameters interſect each other at right an- 
gles in the middle of cach or center of the 
ellipſis. bas. 0 

The focuſes are two points in the 
tranſverſe diameter equally diſtant from 
the center as Ff, and on which one end of 
the moving lines are fixed while oy de- 
ſcribe the e 


S E IG 
Containing ſome uſeful Geometrical Problems. 


P R O B L E M 1. 
To ereft a perpendicular at a point near the 
middle of a given right line. 


E T AB, be the given line, andC the 
Point on which it is required to erect 
FE Wee, (Fig. 13.) 


With 


5 SE 
2 _ GEOMETRICAL src. IIA 
of With any convenient opening of the 
compaſſes and one foot i in C turn the othet F 
to the points D' and E; then ſetting one dra 
foot of the compaſſes i in D, and with any Ppt 
opening of them' at pleaſure deſcribe an ; 
arch; alſo with the ſame extent of your 
| compaſſes and one foot i in E, interſect that 
arch in the point F. Draw the line CF, 


and it will be the perpendicular required. 


Pp R OB IL. E M i” 

To ered a perpendicular at the end of 4. 
given line. 30 

Let the given line be AB. (Fig. 14.) 


set one foot of the compaſſes at the end of ö 


the line or point B, and open the other to 


any convenient diſtance, and deſcribe the 


arch CDE; with the ſame extent and one 
foot in C make the interſection at D, alſo 
with the Lame extent and one foot in D de- 
ſeribe 


src. Il. PROBLEM S. 13 
Iſcribe the arch EF, Rill with the ſame eX- 


tent and one foot in E de ſcribe. the, arch 
DF. Then through the interlection at F. 
draw the line BF. and it will be the per- 


Wpcndicular required. 33 


A SECOND METHOD. ae. 


With any convenient opening of che 
compaſſes and one foot in B (Fig. 15.) 
turn the other to any point C above the 
given line AB, and on this point deſcribe 
he arch DBE, greater than a ſemicircle, 

Way a ruler from D to 5 and it will cut 
Ihe ſaid arch in E, draw BE. and it i is done. 


PROBLEM. by 


rom a given point to let fall a perpendicular 
ona given right line. 

Let i be the point above the given line 

B, (Fig. 16.) Then with o one foot of the 


com- 


= * 000k | - 
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5 compaſſes i in C deſcribe an arch to cut the] 

line AB in two points D and E, with one 

foot of the compaſſes in D and E ſeverallyſ 
make the interſection at "Fs lay a ruler 
from G to C, and draw FC and it will beſf 
the Ferry — | 


PROBLEM IV. 


* biet or divide a given right line into twil 
"equal parts. | 
pot AB (Fig. 17.) the given line. 
Then with any opening of the compaſſe| 
greater than half the given line and one 
foot in A deſcribe an arch CD, with the 
lame extent and one foot in B deſcribe 
another arch CD interſecting the formed 
in the Points CT and D; lay a ruler to the 
points C and D and draw the right ling 
CED, and it will divide the given line in 


to two equal parts at the point E. 
PRO 


twill 


ne. 


les 


One 


the | 
1be 


the 
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PROBLEMS. 13 
PROBLEM v. 


To biſe or divide any given angle into. two 
equal parts. | 
Let ABC (Fig. 18.) be the given 1 


Set one foot of the compaſſes in the angu- 


lar point B, and with any opening of them 


deſcribe the arch DE; then with one foot 


in D and E ſeverally deſcribe two arches 


interſecting each other at F: draw BF and 


it is done. 


ER G B LX ͤ WW 
To make or lay down an angle equal to a given 


Tight lined angle. 


Let the given angle be ABC, (Fig. 18.) 
Draw any right line DE (Fig. 19.) then 
with the extent BD (Fig. 18.) and one foot 
of the compaſſes in E deſcribe the arch AB 


(Fig. 19.) take the length of the arch DE, 
| wm | 


16 GEOMETRICAL Sec. II. 
and ſet it from A to B, and through the 
point B draw the line EF; ſo ſhall the an- 
gle DEF be equal the given angle ABC. | 


CCC 


To divide a given right line into any propoſed 
number of equal parts. 

Let AB (Fig. 20.) be. divided into five 
equal parts. From the end A draw the 
line AC out at pleaſure, making any an- 
gle with AB; from the other end B, draw 
Bb, making the angle ABD, equal the an- 
gle BAC, (by Prob. 6.) From the points 
A and B, ſet off on the lines AC thd BD 
any five equal parts as Aa, ab, bc, cd, de; 

and By, fg, gh, hi, ik; draw the lines Ak, 
di, bh, cg, df, and eB, and they will divide 
the given line as required in the points 
1,2, 3, 4,5 5 


OT HE R- 


S210. II. PROBLEM S. mw 
OTHERWISEk. 
Let EF (Fig. 21.) be a line given to bes 

divided into ſix equal parts. 


Draw an occult line AB of any conveni- 
ent length, and upon it from A ſet off as 
many equal parts as the given line EF 


| ought to have; fix for example as from 
A to C, which mark with 1,2,3,4,5,6. 
Take the extent AC in your compaſſes 
and with one foot in A and C ſeverally 
make the interſection D. From D to the 
ſeveral points A, 1, 2, 3, 4, 5, G, draw the lines 
DA, Di, Da, Dg, &c. 

Take the given line EF in your com- 
paſſes and ſet it from D to e and , and 
© draw the line ef, which will be equal to the 
line EF, and divided into ſix equal parts 
as required. 83 


'Q 
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SCHOLIUM. 


Hence we haye a method of dividing 
ſeveral right lines of different lengths into 
the ſame number of equal parts at once. 


p. B O B L E M VIII 

To draw a line parrallel to a given right line, 
and to paſs through any aſſigned point. 
Let the given line be AB (Fig. 22.) and 
the point aſſigned be C. Take in your 
compaſles the leaſt diſtance from C to the 
given line AB, (continued if needful) 
with this extent and one foot of the com- 
paſſes on or near the end of the line AB 
that is fartheſt from C, deſcribe the arch D; 
a right line drawn from the point C to 
the top of the arch D, will be parallel to 
AB as ns 


PR O Þ 


ay 


Sc. II, PROBLEMS ug 


PROBLEM IK. 


Having three Tight lines given, ſo that the | 


7 fum of the two ſhorteſl ſhall be greater than the 
W third, to conſtruct a triangle, 


Let AB, BC, and CA (Fig. 3.) be the 
three given lines. Lay down the line AB, 


take the line BC in your compaſſes and ſet - 
ting one foot in B deſcribe the arch C, alſo 


with the line CA in the compaſſes and one 


foot in A make the interſection at the 


point C, join CA, and CB, and they will 


& form the triangle required. 


P ROB I. E M, | 
Having any given right line to conflruf E 


„CC 0a. 
Let the given line be AB, (Fig. 4.) Up- 


Jon the point B erect the perpendicular BC 


(by Prob. 2.) making it equal to AB; with 
| , GY  the— 
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the extent of AB in your compaſſes and 


one foot in A and C ſeverally, make the 
interſection at D, and draw the lines DA, 
and DC, and it's done. 

En o BYE M &, 
Having any two right lines given to conſtruct a 


parallelogram. 
Let the given lines be AB and BC (Fig. 


8.) Upon the point B at the end of the 
longer line AB, erect a perpendicular (by 
Prob. 2.) making it equal to the ſhorter 


line BC; then with the extent of the line 


AB in your compaſſes and one foot in C 


deſcribe the arch D, take the ſhorter line 


BC in your compaſſes, and with one foot 
in A croſs the former arch in the point D, 
and draw 5 and DC, and it is done. 


-_ 


Pp R O 
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PR OB E NM XI 
Upon any given right line to confiruft a 
rhombus. 
Let AB (Fig. 9.) be the given line. 
With the extent of AB in your compaſſes 
and one foot in B deſcribe the arch DC, 
with the ſame extent and one foot of the 
compaſſes in A make the interſection D; 


ſtill with the ſame extent and one foot of 


| the compaſſes in D, make the interſection 


C; draw the right lines AD, DC, and CB, 
and it is done. 


PROBLEM Mk 


Having any two Tight lines given to conſiruf a 
4 rhomboides. 1 1 
Let the given lines be AB, and AD, 


(Fig. 10.) Take in your compaſſes the 
ſhorter line AD, and ſet it on the longer 


Ga © an 


22 GEOMETRICAL Sc II. 
line AB from A to X, with the ſame ex- 
tent and one foot of the compaſles in A 
and X ſeverally make the interſection D; 
with the ſame extent and one foot of your 
compaſſes in B, deſcribe an arch C; with 
the extent of AB in your compaſſes and 
one foot in D interſect the former arch in 
C; draw the lines AD, DC, and CB, and 
it is done. 


P R Q:B, LEM - IV... 
Having the diagonal and ſour ſides given to 
conſlrutt a trapeztum, | 
Let AC be the given diagonal, and AB, 

BC, CD, and DA the given ſides, (Fig. ll.) 
Having drawn an occult line AC, and made 
it equal to the given diagonal; take the 
extent AB in the compaſſes and with one 
foot in A deſcribe an arch at B, with the 
extent of BC in the compaſſes and one foot 
In 


Src. II PR OBI. E MS. I 
in C interſect the former arch in B; draw 
the lines AB and CB; take the extent AD 


in the compaſſes and with one foot in A 


deſcribe an arch at D, with the extent CD 
in the compaſſes and one foot in C inter- 
ſect the arch at D; draw AD and CD, and 


it is done. 


— JJ 


OTHERWISE. 


By having the four ſides and one angle given 
to conſtruct a trapexium. 

Make the line AB (Fig. 11. ) equal its 
given fide, and on the point A make the 
angle BAD equal the given angle (by Prob. 
6. or 21.) and make the line AD equal its 
given ſide ; then with the- extent of the 
line BC in your compaſſes and one foot in 
B, deſcribe the arch C, alſo with che line 
CD in your compaſſes and one foot in D, 
C4 interſect 


24 GCEOMETRICAL SSC. II. 
interſect the arch in C, and join CB and 
CD with right lines, and it is done. | 


PROBLEM XV. 


In any given circle lo deſer ibe a 3 
polygon. 

Let AB CDEFGH, (Fig. 23.) be the 
given circle, in which it is required to | 
make a regular heptagon. | 

Draw the diameter AD, and divide it(by $ 
Prob. 7.) into as many equal parts as the 
propoſed polygon hath ſides, (which in 
the preſent caſe is ſeven); take the extent 
AD the circle's diameter in your compaſſes, 
and with one foot in A and D ſeverally 
make the interſection at X; from X draw 
a right line always through the ſecond di- 
viſion in the diameter, and it will cut the 
periphery of the oppoſite ſemicircle i in the 

point 55 draw tlie 42 55 line AB and it 
will 


Szc Il. PROBLEMS. 1: ay 
will be the ſide of the polygon required 8 


which being ſet round within the circle 
from B to C, and from C to E, &c. com- 
pleats the polygon. 


PROBLEM. XML 


To conſtruct any regular holygon each of whoſe 


ſides ſhall be equal a given right line. 
With any extent at pleaſure in your 
compaſles as a radius and one foot in C 


(Fig. 24.) deſcribe a circle, in which find 


(by Prob. 15.) the ſide An of a polygon f 


the ſame number of ſides with that re- 


quired, (ſuppoſe fix); draw CD parallel 
to AB, on which ſet the extent of half the 
given line from C to D, at D erect the per- 
pendicular DE, cutting CA (extended if 


neceſſary) in the point E; with the extent 


of CE in your compaſſes and one foot in 


Cdeſcribe a circle, in the circumference 


5 

, , 
: * 
- 
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of which apply continually the given ſide, 


and it will form the polygon EF GHIK as. 


required. 


STHERWISE. 


f 


Having deſcribed the circle, (Fig. 24.) 


make the angle ACB equal the angle at the 
center of the required polygon, (ſee Defin. 


12.) which is always equal to 360 degrees 
divided by the number of the polygon's 


ſides ; and draw the right line AB, and 
parallel thereto draw CD making it equal 
to half the given fide, erect the perpendi- 
cular DE cutting CA in E, ſo ſhall CE be 


the radius of the required polygon's cir- 


cumſcribing circle; in the circumference 
of which repeat the Rr" 8 de. 


SG R:Q/L LAY: 


It may be proper to obſerve that any 


polygon may be inſcribed in a circle by 


©” a 
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this conſtructien with more accuracy than 
by the 13th problem; that being that of 


RENALDINES, which may do very well for =, 


conſtructing ſmall figures on paper; but 
will not anſwer in all caſes i in large works, 


or where great exactneſs is ee 


PROBLEM XVII. 


To find the center of a circle that ſhall paſs 
through any three given pornts, not hing in a 
right line. 

Let A.B,D, bethe points given Fig. 25.) 
join AB and BD with right lines, then bi- 
ſect thoſe lines (by Prob. 4.) and the point 
where the biſecting lines meet as at C, will 


be the center of the circle required. 


COROLLARY: I 

Hence any triangle may be inſcribed in 

a circle by biſeQing two of its ſides. 
COROL- 
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bi. Gol n. 

Having only the arch of a circle, the 
circle may be perfected. 

EL OBLEM AVI. 
To conſiruẽt an ellifpfis by having the tranſuerſe 
and conjugate diameters given. . 

Let AB and DE (Fig. 12.) be the given ; 
diameters. _ 

Having drawn the tranſverſe AB, and 
its conjugate DE, biſecting each other per- 
pendicularly in the center C; with the ex- 
tent of AC in your compaſſes and one foot 
in D, interſect the tranſverſe diameter AB, 
in the points F and , and will be the 
focuſes of the ellipſe. 

Take any point (1) in the tranſverſe be- 
tween C and F, and with the extent of Ai 
in the compaſſes and one foot in F and f | 
ſeverally, deſcribe the arches Gg, alſo with 

the 


W.. 
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the extent Bi and one foot in / and F. in- 


terſect thoſe arches in G and g: and fo 


will you have four mm in the cllipfis's 


periphery. 


Take any other point (2)in the tranſ- 


verſe between C and F, and with the ex- 
tent of A in the compaſſes and one foot 
in F and J ſeverally deſcribe the arches 
5 hh; alſo with the extent B2 and one foot in 


7 and F, interſect thoſe arches in the points 

k and h; and fo will you have four more 

points in the ellipſis's periphery. 
And thus by aſſuming feveral points 


1.2, 3, &c. in the tranſverſe, there will be 


found as many points in the curve as you 
ſhall chuſe ; through all which with an 
even hand draw the 1 8 ee 


OTHER WISE. 
Having found the focuſes F and , take 


a thread that ſhall be juſt the length of the 
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tranſverſe diameter, when two loops are 
made on it, viz. one at each end; then 
ſtick a pin in each focus, making them 
faſt by driving them a little into the table; 
put a loop over each pin and with a pen- 
cil or pen ſtretch the thread, and moving 
the pencil round from A to D and B, it 
will deſcribe half che periphery ADB; then 
ſlip the thread between, the pins towards 
E, and ſtretching the thread with the pen- 
cil begin at B and move the pencil (keep: 
ing the thread firetched) round by E to A 
and it will compleat the ellipfis's periphery. 

And in the ſame manner, with two 
flakes and a chord, may an elliptic foun- 
tain, graſs plat, &c. be marked out in 


gardens, pleaſure grounds, &c. 


PROB- 
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PROBLEM AM. 


1 8 7 0 make a trapezium or a triangle equal to any 


given pentagon. 

Let ABCDE, (Fig. 26.) be the given 
pentagon. Continue one of the lines 
each way at pleaſure as AB; then draw 
DA, and parallel thereto draw EF , cutting 
AB (continued) in F, join DF with a right 
line; then the trapezium DFBC, will be 
© equal to the pentagon ABCDE. 

Draw DB, and parallel thereto draw CG 
cutting AB continued in G ; join DG with 
a right line, and the triangle DFG, will 
allo be equal to the given pentagon 
S ABCDE, as required. 


PROBLEM XX. 
| To make a trapezium equal to any given irregu- 


lar figure of fix, ſeven, &c. ſides. 
Let 
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Let ABCDE (Fig. 27. 0 be a ſeven-ſided 
figure given. 


Having continued one of its aden, as 
. AB, draw BD, and parallel thereto CH; 

join DH and it reduces the two lines BC 
| and CD to one ſtraight line DH. Draw 
AF, and parallel thereto GI; join FI, and 
it reduces the two lines AG and GF to one 
FI. Draw EF, and parallel thereto FK; 
join EK and it reduces the three lines AG, 
GF and FE to one ſtraight line EK ; and 
the trapezium EDHK is equal to the ſeven- 

| fided figure ABCDEFG, as required. 


R O B L EM XXI. 
To make or lay down an angie of any propoſed 
number of degrees by the ſcale of chords. 
Take in your compaſſes the extent of 
the firſt 60 degrees from a line of chords, 
and with one foot in A (Fig. 28.) deſcribe 
N | the 


Sic. II PROBLEMS} - as 
| the arch BDE extend the compaſſes fram 
the beginning of the line of chords to 
the propoſed number of degrees if leſs than 
90; and ſet that extent upon the arch 
from B to D, lo ſhall BAD be the angle 
E rcquired, 

But if the angle be more than 90 de- 
grees take the extent of half the number 
of degrees and turn the compaſſes twice 
over upon the arch as from B to E, and 
BAE mall be the angle required. 


PROBLEM MX 


To divide any given arch of a circle inio any 
propoſed number of equal parts ſuppoſe the 
fourth part of a degree or 15 minutes. 
If the given arch be leſs than 60 de- 

grees, make it equal to 60 by applying 

the radius of the given arch upon the ſaid 
arch continued; as the radius AB (Fig. 

5 „ 28. 
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28.) being taken in the compaſſes and ap- 
plied from B to D, ſo will BD be an arch 
of 60 degrees. This arch being biſected 
gives the arch of 30 degrees, and 30 bi- 
ſeed gives the arch of 15 degrees, and 
| this being biſected gives 7 x degrees, and 
this biſected gives 3z degrees ; take this 
extent of 31 degrees in the compaſſes and 
with one foot in B deſcribe a {mall arch, 
alſo with the extent of AB and one foot in 
A interſect the ſmall arch in C, and draw 
BC continuing it a little beyond C. Now 
BC being the chord of 31 degrees only, it 
will not differ ſenſibly from the arch itſelf; 
' for the (natural) fine and tangent of an 
arch of 4 degrees are very near of the 
ſame length; the tangent being ,06993 
and the fine ,06976 (to the radius 1.) and 
their difference is ,00017 not the two ten 
thouſandth part of the radius. . 

Draw 


LW 
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Draw any line BF and parallel thereto 


(by Prob. 8.) through C draw CG; then 


with any ſmall opening of your compaſſes 


ſet one ſuch extent on the line GC, from 


C to the right hand as to a, and three on 
the left to b; take the extent of a b (equal 


to the four ſmall diviſions) in the compaſſes 


and ſet off three equal diviſions on CG 


from b towards G as the points c, d, e, and 
from B towards F ſer four as the points 7. g, 
i join ia, b, gcd, and Be, and they will ; 


croſs BC in four points, each equal to one 


degree, the firſt croſling it in the point X, 
ſo will BX be equal to 4 degrees, and DX 
equal to 64 degrees : Now this arch DX or 
64 degrees may be biſected continually till 


you get the fourth part of a degree or 15 


minutes, which is agreeable to the condi- 

tions of the problem. 

If the half of DX or 32 degrees be ſet 
Ita: „ 
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from D to E, then may the arch DE be bi- 
ſected alſo; and thus you will have an 
arch of 96 degrees divided into every 15 
minutes, provided the radius of the arch be 
large enough to admit of ſuch diviſion. 
But the biſection for finding the arch of 
4 degrees may be ſaved, by multiplying 
06993 the tangent of 4 degrees by the ra- 
dius of the arch in inches, and the product 
taken from an inch diagonal ſcale and ſet 
from B to X. 5 
Perhaps this method will be found pre- 
ferable to one publiſhed by Mr. BIRD, and 
for which he received a large premium 
from the board of longitude _ 
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Containing the deſcription and uſe of a new 
Catoptric Sextant, or improu'd HADlzr's 
Ouadrant in the art of Land Meaſuring. 


HE Inſtrument I ſhall here deſcribe is 
of the ſame conſtruction as HAbIxx's 
Quadrant, only in this the limb is en- 
larged to a ſixth part of a circle, and will 
meaſure an angle of 120 degrees; whilſt 
that of HAblEv's quadrant, 1s only the 
eighth part of a circle, and meaſures an 
angle of go degrees only; and therefore 
inſufficient for meaſuring all the angles of 


a trapezium, as ſome of them will exceed 
go degrees. 


—— 
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$8 DESCRIPTION Sec. III 

In (Fig. 1. Plate 2.) ABC repreſents the 
frame of this inſtrument, H, and I, tWo 
braces to keep it from caſting or warping: 
the limb AB is an arch of 60 degrees, whoſe 
chord is equal the length of the radii CA, 
or CB, and is divided into 120 equal parts, 
and in meaſureing angles with this inſtru— 


ment anſwers to 120 degrees; and are num- 


bered, o, 10, 20, 30, &c. to 120, again, 


each degree is ſub-divided into minutes. 
The index CD is moveable round the 
center of the inſtrument and that part of 
it which ſlides over the graduated arch 
AB is open in the middle, with VERNIER's 


fcale on the lower part of it : and under- 


neath is a ſpring that keeps the index to 
any part of the limb it is ſet to. 

E, 1s a ſpeculum or piece of looking- 
glaſs, ſet in a frame of braſs or wood, 
and fixed on the index, perpendicular to 


the 


the 
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the plane of the inſtrument, and to coin- 


cide exactly with the center thereof and a 


line ſuppoſed to be drawn down the mid- 


dle of the index. 

F, is another ſmall glaſs ſet in a frame 
nearly the fame as the other, and fixed 
on the fide of the inſtrument as in the 
figure, alſo perpendicular to the plane 
thereof: the lower half or that next the 


inſlrument only is quickſilvered; there 


being an opening in the frame againſt the 


upper half to view the horizon or any 


other object through, and is called the 
horizon glaſs. 


G, is a ſight vane, fixed in the oppolite 


fide to F, and ſhould be ſet fo near the 


center of the inſtrument, that the viſual 


line from it to the horizon glaſs at F may 


but juſt paſs by the great ſpeculum E: in 
| this vane is a ſmall hole to guide the eye 
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to the horizon glaſs: this hole muil be at 
the ſame diſtance from the plane of the 
inſtrument, as is the edge of the qQUICK- 
filvered part of the horizon glaſs. 

And in order to make this inſtrument 
uſeful in taking of altitudes at land wich- 
out a viſible horizon; 1 have added the 
ſpirit level K, which is fixed to a braſs 
plate by two ſmall ſcrews; one is a cen- 
tral one, on which the level turns a little 
way backwards or forwards, for adjuſting 
it, the other goes through a ſmall fpring, 


and ſerves to ſecure the level when it is 


rightly adjuſted : the braſs plate with the 


level, being fixed with ſcrews to the back 


of the inſtrument ſo as the level may fall 


in between the two ſides thereof; and ſo 


is very convenient to be view'd ; and yet 


{ſecure from danger in carriage. 


£3 „ By 
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By means of this level being properly 


adjuſted, we may diſcover our true hori- 


| zon, and compare the altitudes of objects 


| therewith; and for this purpoſe there muſt 


be a black line drawn acraꝗſs the glaſs E, 
exactly over the center, and perpendicular 


to the plane of the inſtrument: this line 


| will appear very diſtinctly in the horizon 


glaſs, and ſeem as if it was drawn thereon; 
or which I think is better, a line may be 
drawn along the middle of the horizon 
glaſs perpendicular to the plane of the 
inſtrument; and then the ſextant being 
held or fixed in a vertical poſition ſo as 
the bubble of the level may reſt in the 


middle of its tube; a line paſſing through 


the center of the hole in the ſight vane, 
to the black line on the horizon glaſs, 
will be parrallel to the true horizon. 


Before 
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Before I proceed to the uſe of this in- 
firument, it may be neceſlary to explain 
the Vernier or ſcale for ſhewing the 
minutes of * degree; which by ſome is 


alſo called a Nonius: and is beyond dil- 


pute, the moſt excellent and elegant of 


all others: it is alſo very eaſy to be un- 


derſtood, and ufed, when rightly conſi- 


dered: for ſince each degree is divided 


as aforeſaid, into three equal parts, there 


will be twenty-one of thoſe parts in ſeven 


degrees, each of which contains «wenty 


minutes: then if on that part of the in- 


dex called the Vernier, we take a length 


juſt equal to ſeven degrees, and divide it 


into twenty equal parts, it is evident that 


fince twenty of theſe anſwers to twenty- { 
one on che limb; each one of theſe, will p 
exceed each one on the limb by 4 part, ] 


that is by one minute : therefore two on 
the 
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the vernier, will exceed two on the limb 


by two minutes, three on the vernier by 
three minutes, and ſo on. Conſequently 


if the lines at the beginning of the divi- 


ſions on the vernier be any where between 


two diviſions on the limb, there will be a 
coincidence of one diviſion on the vernier, 

with one on the limb ſomewhere ; and by 
obſerving where that coincidence i is, you 
will ſee at the ſame time how many 
minutes the index has paſſed the laſt divi- 
ſion on the limb: thus if the vernier 


| coincides at the third diviſion from the 


beginning or that marked & it ſhews the 
index has paſſed the laſt diviſion by three 
minutes; if the coincidence be at the 
ſixth line on the vernier, then 1s the in- 
dex ſix minutes beyond the laſt on the 
limb, and ſo of the reſt. 
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If two lines on the limb ſhould fall 


within two lines of the vernier (as will 


ſometimes happen) then that ſhews you 
muſt reckon half a minute or thirty ſe- 
conds more than the left hand diviſion 
FO 

If the firſt line or index of the vernier 
has moved over a ſpace leſs than hall a 
diviſion on the limb ; then the coinci- 


dence will be on the right hand in the 


vernier: if it has moved over more tllan 


half, it will be found on the left hand; if 
over juſt half, the coincidence will be at 
ien on the vernier. ” 


Il the beginning of the index fall be. 


tween twenty and forty. minutes on the 


limb the vernier ſhews the minutes to be 


added to twenty : if it falls beyond forty 


minutes the vernier ſhews how many min- 
utes muſt be added to forty, 


But 
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But to make this fill plainer, I have 
added Figure 2. in which AB repreſents a 
part of the graduated limb of the inſtru- 
ment; and D that part of the index hav- 
ing the vernier; and ſuppoſe in making an 
| obſervation, the beginning of the vernier 
be found between twenty-ſix degrees forty 
minutes, and twenty-ſeven degrees, as in 
the figure; then looking for the coinci- 
dence of the diviſions on the limb and ver- 
W nicr, I find it to be at the ſixth divifion of 
© the vernier; therefore the angle is ſhewn _ 
to be twenty-ſix degrees, and forty-ſix 


minutes. 


It may be proper to obſerve chat figure 
che 2. was taken from an inſtrument of two 
be feet radius; but ſome may chooſe one of 


Ity a ſmaller ſize, as of one foot radius, which 


is more portable and yet ſufficient in 
Wot caſes for the uſe of the land ſurveyor, 
8 1 But 


un- 
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But as this is a radius too ſmall to admit 
of a ſcale to ſhew every minute, I ſhall 
ſhew how to conſtruct one for ſhewing 
every five minutes. In this caſe the limb 
of the inſtrument need only to be divided 
into 120 primary diviſions or degrees: then 
taking on the vernier a ſpace equal to thir- 
teen of theſe degrees on the limb; and di- 


viding it into twelve equal parts, each of 
| theſe will be five minutes, and. twelve of 
them equal to ſixty minutes or one degree: 
and if on the vernier you mark the middle 
diviſion with , and the third diviſion 
(from the middle) to the right and leſt 
hand reſpectively with 15 and 45; and the 
ſixth or laſt diviſion on each ſide from the 
middle one with go, it is plain that ſuch 
a ſcale will ſhew an angle to every five 
minutes. 


Having 
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Having given (I think) a ſufficient ex- 
| plication of this capital inſtrument; I ſhall 
now proceed to the uſe of it. But before 
we take an angle, it is neceſſary to ex- 
amine whether or no, the horizon glaſs is 
| rightly adjuſted ; which may be done thus: 
ſet the index to 09. on the limb, then hold- 
ing the inſtrument in a vertical poſition, 
W with the arch downwards, look through 
me ſight vane, and ſee if the meeting of 
he land and ſky, or any other diſtant ob- 
| je, ſeen at the ſame time through the 
Gf clear part of the horizon glaſs and the 
ſame ſeen by reflection in the quickſilvered 
part of it, do exactly coincide; if they do, 
the glaſs is right: if not, ſlacken the ſcrew 
of the horizon glaſs, and turn it a little till 
they do thus coincide, faſten the ſcrew a- 
gain, and it is fit for ule, 


* 


But 
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But this trouble of bier the glaſs 


may be ſaved, by looking through the 


lights, and moving the index till the ob- 
jects do thus coincide; then ſee how many 
minutes or degrees and minutes, the in- 
dex falls ſhort of, or is advanced before. 
the firſt diviſion on the limb, or that 
mark d 09. if the index falls ſhort, add the 2 
minutes; but if advanced, ſubſtract them, 
to or from the angle found by obſervation, 


and the reſult will be the true angle. 


_ To take a virtical angle, or angle of al- 
titude, as ſuppoſe of the tower BC (Fig 3. 
Plate 3.) | 

Firſt landing at A hold or fix the 25 
tant with the arch downwards, ſo that the 
air bubble may reſt in the middle of its : 
tube; look through the ſight vane at the if 

tower, and where the black line of the ho- 
then 
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rizon glaſs cuts it make a mark as at E; 
then will the viſual line DE, from the eye 
at D, to the mark at E, become both a 
true and viſible horizon. Then holding 
W up the ſextant and looking through the 
W fight vane, at the top of the tower C, make 
the direct object and reflected image 
W coincide, then ſee how much the index 
7 falls be ſore the diviſion on the limb mark- 
ed os. ſuppoſe five minutes, now looking 
at the top C again, ſlide the index for- 
JVards till the image of the top at C is de- 
preſſed or brought down to a level with 

the viſible horizon DE, and it will appear 
Nat F at the ſame diſtance from the eye, as 
Wis the object C: obſerve the degrees and 
minutes cut by the index, ſuppoſe 419, 25'; E 
1 out of which deduct 5 for the coincidence 
before found, and there remains 41%, 20/ 
Wor the angle of altitude. 


E And 
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And in the ſame manner may the alti- 
tude of any other object be found, as the 
ſun for example. the inſtrument being ad- 
juſted, hold it in a vertical poſition. and 
ſlide the index forward till the image of the 
ſun appears at G, and ſeems to be biſected 
by the mark at E, then will the index ſhew 
the altitude of the ſun's center. If you 
have not a conveniency for making the vi- 
ſible horizon E; bring the ſun's image as 
near the horizon as you can gueſs, then 
holding the inſtrument ſo that the bubble 
may reſt in the middle of its tube, move 
the index till the ſolar i image is biſected by 
the black line on the horizon glaſs, then 
the index ſhews the altitude as before. 

Note, If the reflection of the ſolar rays 
be too bright for the eye, a dark or ſmoak- 
ed glaſs may be Placed in the hole at L. 
(is. 1.) | 

ù5„„ 


Sto. III. or TE SEXTANT. 51 
To meaſure an horizontal angle with the ſex- | 

tant; ſuppoſe the angle BAC (Fig. 4.) or 

that which the boundaries or two ſides of 4 

field make with each other. 55 

Firſt ſet up marks or whites at B and 
C. ſo as to be ſeen when ſtanding at the 
; corner, or angular point A. Set o on 
the index to o' on the limb; then hold» 
ing the inſtrument in an horizontal poſi- 
W tion, and looking through the ſight vane 
; and horizon glaſs, at the white at B, ſee 
if the ſame ſeen by reflection appears ex- 
actly in a perpendicular line juſt under it; 
if not, move the index a little backwards 
or forwards, till they do thus coincide; 
; | and obſerve how many minutes it. falls 
: ſhort, or is advanced: ſuppoſe it's ad- 
W vanc'd 10: then holding the inſtrument 
28 before, look through the ſights at the 
: white at B, obſerye the image of the ſame 
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; on which keeping your eye, and con- 


tle up and down: and then will the ſaid 


exacineſs and expedition. But it may ſo 


WII — — 
* 7 
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in the quickſilvered part of che horizon 
glaſs; then moving the index gently for- 
ward with your left hand, and the re- 


fleed image will advance from B towards 


tinuing the motion of the index till the 
reflected image coincides with or ſeems to 
touch the white at C; which may be eaſi- 
1 done, by twiſting the inſtrument a lit- 


image appear at D, at the ſame diſlance 
from A. as is the object B: ſee what de- 
grees and minutes are cut by the index; 
as ſuppoſe 7 5, 20, from which ſubſtract 
10 for the coincidence or correction of the 
inſtrument, and the remainder 7 5, 1 1007, is 
the meaſure of the angle BAC, required. 

And thus may any angle leſs. than 120 


e be meaſured with the utmoſt eaſe, 


happen 
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happen (though very rarely in practice) 


that the meaſure of an angle greater than 
120 degrees may be wanted; and in order 
to meaſure ſuch an angle, let A B and 
AC. (Fig. 5.) be the two ſides of a field, 
whoſe included angle at A is fought. Hav- 
ing ſet up whites at B and C, (as before 
directed) and found the angle BAC to be 
greater than the inſtrument will meafare 
at once, ſet up another white beteen B and 
C, at a good diſtance from A, as at G; or 
fix upon ſome remarkable object at a diſ- 
tance, between B and C, as ſuppoſe the 
tree D; then ſetting the index to os. ob- 
ſerve the object and image at B to coincide 
when the inſtrument is held nearly hori- 
ꝛ0ntal; bring the image at B. (by ſliding 
the index forwards) to coincide with the 
white G, or the tree at D; and ſee what de- 
grees and minutes are cut by the index. 


E 3 ſuppoſe 


ſuppoſe 845 „15% and ſuch is the angle 
BAD, or BAG, Set the index to 09. 
again, and bring the image of the white 


: then will the index ſhew the angle 


add the angle BAD, and the ſum will be 


been corrected as in the foregoing exam- 
olf the image and object B, the index fell 
correct angle BAD. The ſame regard muſt 
be had to the angle DAC, and in ſuch 
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G, or tree D, to coincide with the white 
GAC, or DAC, ſuppoſe 7 33 4 35 to which 
equal BAC, 158, oo the angle ſought. 
Note, if the object and image at B had 
not coincided, when the index was at 0? 
the angles BAD, and DAC, muſt have 
ples. Let us ſuppoſe at the coincidence 
3“ ſhort of the o, then muſt 3“ be added i 


to 84, 150 and the ſum 845, 18 is the 


caſe the ſum of the corrected angles will be 


This 


lis 
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(@ This inſtrument I would recom- 


mend to every practical ſurveyor, having 


from ſufficient experience, not only found 


it to be ten times more portable and ex- 


peditious, but equally exact with the beſt 
modern theodolite; though unaſſiſted with 


teleſcoptic ſights : not but ſuch ſights may 


be eaſily applied to this curious inſtru- 


ment. Another recommendation is it's 


cheapneſs, as a very good one may be 
made for a couple of guineas, whillt ſome 


of our modern theodolites are valued at 


twenty. It may be hung by a belt over 


the ſhoulder, and be uſed without taking 


olf with the utmoſt caſe and expedition, 


being no ways cumberſome ; and conſe- 


quently two men will do nearly as much 


work in a day with this inſtrument, as 
three can do with a theodolite; it being 
E 34 one 
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one man's buſineſs to carry the theodo- 
lite. 


The particular uſes of the ſextant will 


be exemplified in the following parts of 
this work. Zh 
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Containing the deſcription and uſe of the chain, 
off-ſet-/taff, and arrows. 


HE chain I ſhall here take notice of 
is that invented by Mr. GunTzs, 
and commonly called GuNTer's chain. 
It is in length four poles or 22 yards, 
and divided into 100 equal parts called 
links; each link being 7, 92 inches: at 


each tenth link is fixed a piece of braſs, 


W with notches or points; that at 10 links 


having one notch or point, that at 20 
links two points, at 30 three, at 40 four, 
at 50 or middle is a large round plain 
one, at bo is "vm ſame as 40, and 70 the 

fame 
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fame as go, Kc. By this means it is 
eaſy to count the links from either end of 
the chain. The firſt link at each end is 
| uſually made into a large ring or bow, for 
the caſe of holding it in the hand. 
This is the beſt inſtrument yet invented 
for meaſuring lines in the field. 


The offi-ſet-ſtaff is beſt made of deal or . 
ſome ſuch light wood, and ſhod at one : 
end with iron, and made ſharp or pointed ; 
a little to ſtick into the ground when there 
3s occaſion : at the other end may be a 
ſmall notch, it being of uſe for putting | 
the end of the chain through hedges, Kc. f 
this ſtalf muſt be juſt 10 links in length, 

or 6,6 feet; and divided into 10 equal 
parts or links : the firſt link may be di- 
vided into 10 equal parts, or decimals of 


a link, 
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a link, which may be uſeful in ſome 


nice Caſes. 


The arrows are ten ſmall ſticks, beſt 


made of aſh, and about 18 inches long, 


ſhod and pointed at one end ſo as they 


will eaſily ſtick into the ground: or in- 


ſtead of theſe, you may have 10 iron 


wires about a foot long, excluſive of three 
or four inches, that are bent down, in or- 


der to hang them to a belt: at the ends 


bent down may be fixed bits of cloth to 
diſtinguiſh them from the graſs or corn, 


&c. 


DIREC- 
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Dizecrtions for uſing the CHAIR. 


CCC ² ² MM; -L 


To lin a right tine all vifible and acceſſible 


from each end by the chain. 


8 as ſet up marks at each of the 
| places betwixt which you are to meaſure; . 
call the place yon begin at your firft 


flation, and the place you meaſure to, 
your ſecond ſtation; then having ſtretched 
out the chain, examine it with the off- ſet- 
ſtaff, and ſee it be of a right length, and 


the links all ſtraight and right: then let 


your aſliftant take the ten arrows in his 


left hand, (or which is better, in a pouch) 
and the end of the chain in his right, and 


proceed towards the ſecond ſtation, whillt 
you hold the other end of the chain cloſe 
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to the firſt ſation; direct him to ſtick 


down an arrow at the end of the chain, 


exactly in the ſtation line, ſo that your 


firſt ſtation, the arrow, and ſecond ſtation, 


may be all in one right line; proceed 


another chain's length, and being come to 
the firſt arrow, hold your end cloſe to the 
arrow, and direct your aſſiſtant to ſtretch 
the chain, and at the end thereof to ſtick 


down a ſecond arrow in the ſtation line as 


before; and if he looks back at the firſt 


flation, he will ſee the two arrows and the 


flation all in one right line, if the ar- 


rows were rightly placed; and thus you 
may correct each other. This being ob- 
ſerved, you take up the firſt arrow and 


proceed to the ſecond, giving your aſſiſ- 


tant directions to put down a third arrow, 
and then you take up the ſecond. And 


thus you proceed to the end of the line, 


-unleſs 
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_ unleſs it exceeds 11 chains; if ſo, being 
come to the tenth arrow, direct the leader 
to ſtretch the chain exactly in the ſtation 
line; then return him the ten arrows, and 
write in your field book 1 change; the 
leader ſticks down an arrow at the end of 
the chain, and then you proceed as before 
till you have meaſured to your ſecond ſta- 
tion; then ſee what number of links are 
contained between the laſt arrow and the 
ſtation ; ſuppoſe 73, and the number of 
arrows you have will be the number of 
chains if leſs than 11, otherwiſe you add 
10 for every change, as ſuppoſe one change 
and 8 arrows, this makes 18 chains. Then 
enter the chains and links in your held 
book with a comma between them thus 
18,73. But if the links are under 10, a 
cypher muſt be added between the chains 
and links, ſuppoſe the above had been 

only 


Le 
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only 7 links more than the chains, it muſt 
bave been ſet down thus 18,07; the links 


being always decimals of a chain. Re- 


member always as ſoon as you have mea- 


ſured a line, and ſet down the dimenſions, 
to examine the arrows and ſee you have 
them all ; for if one ſhould be miſling the 
laſt line will be doubtful, and muſt be re- 
meaſured before you proceed. 

Note, It is uſual to allow five links from 
the ſtem of the quickſet hedge, for the 
breadth of the ditch, except the cuſtom or 
agreement is otherwiſe; but the cuſtom of 


the place generally is the ſurveyor's rule; 


but againſt roads or commons, it is uſual 


to allow fix links. 
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FROBLEM U.. 

To meaſure a right line, part of which goes 
through a hollow, the reſl vifible from both 
ends, and all of it acceſſuble, the hollow not 

very deep nor the ſides fleep, by the chain. 


Begin and meaſure as directed in the 
laſt problem, till you are likely to loſe 
ſight of your ſecond ſtation, then let your 
aſſiſtant take the off-ſet-ſlaff and go to the 
other ſide of the hollow, and direct him 
to place it exactly in the ſtation line, and 
ſo as to be ſeen from the bottom of the 
hollow: meaſure to the ſtaff; and from 


thence to the end of your line. 
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P'ROB LEM Mr 

To meaſure a right line, all acceſſible, but part 
of it not viſible from both ends by reaſon of 
a ſmall riſing in the ground, by the chain. 
Having ſet up whites or marks at the 


places betwixt which you are to meaſure, 


go to the riſing ground with your aſſiſtant; 


there, at ſome diſtance from each other, 
move backwards or forwards, till you ſee 
him in a right line with your ſecond ſta- 
tion, at the ſame time that he obſerves 
you in a line with the firſt ſtation, there 
ſet the ſtation ſtaff or ſome conſpicuous 
mark, Meaſure from your firſt ſtation to 
this mark,. and from it to the end or the 
line, as before. 
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To meaſure a right line when there happens to 

be ſome ohſtruclion in the way, ſuch as water, 

wood, &c. one end of which you can paſs by; 
with the cham. | 


Let AF „(Fig. 6th. Plate 4th.) be the 
required line, into which comes the end 
of the pool G. _ Meaſure from A to B, 
ſuppoſe 4 chains, and there raiſe the per- 
pendicular B.. thus, ſet your oſl-ſet ſtaff 
at B and meaſure back from B to a, 40 
links, and there tick down an arrow, let 

one end of the chain be kept fait at a, and 
the 8oth link at B while you take the end 
of the zoth link and ſtreteh it ſo as the 
two parts ba, and b B, may be equally 
tight, and ſet down an arrow at b, Then 
is Ba, 40, Bb, 30, and ab, 50. And 
therefore the ſquare of B a, added to the 


K ' 


ſquare 
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; Weguare of B b, is equal to the ſquare of a b; 
Wy the 47th Prop. of Euctid's iſt book of 
elements, and therefore a Bb is a right 
angle, Continue this line B b as far as is 
neceſſary to carry you by the pool as to C, 
ieaſure B C, ſuppoſe one chain, then raiſe 
Ine perpendicular CD, in the fame man- 
er you did B C, and meaſure C D., ſup- 
2 Poſe 2 chains, and raiſe the perpendicular 
1 E, and make it equal to B C at E, raiſe 
Die perpendicular E F, meaſure EF, ſup- 
ole 1,5 Then AB added to CD, 

added to EF is equal to the whole line 

AF, 7,58, chairs, the ſame as if it had 
: deen meaſured through the pool from B 
90 C. 
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Note, This method of raiſing perpendi- 
Wulars with the chain is troubleſome ; but 
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may be occaſionally uſed, when you hay 
no other inſtrument at hand. How it: 
done by other inſtruments will be ſheyn 
hereafter; d nf oy + 900 
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W Containing the deſcription and uſe . of the 
: Protraflor and Plotting-Scale. 


AVING explained the infiruments 

neceſlary for taking the dimenſions, 
either for the contents or the plan of any 
5 incloſure, or other parcel or parcels of 
. land. But perhaps ſome will fay I ought 
: to have explained the Theodolite and 
; Plain Table ; to which I anſwer, ſuch as 
| : have thoſe inſtruments need no explica- 
| tion, and ſuch as have them not, I would 
; recommend the foregoing ſextant as pre- 
f lerable to either; as I hope to make ap- 
: pear in the following parts of this work. I 
: 1 | ſhall 
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ſhall therefore proceed to the explanation 


* the inſtruments neceſlary for planning, 
And firſt of the ProT RACTOR, 


This inficument is generally made of 

braſs, of various ſizes fiom 4 to 12 inches : 

diameter, (about 8 is a good ſize) and ina | : 

ſemicircular form, ſee Fig. 7th. whoſe limb : 

is divided into 180 equal parts called 

degrees, and theſe ſubdivided again, if the 

ſize of the inſtrument will admit of it; . 

theſe degrees are numbered both ways by | : 

ſetting figures at each 10th degree, on the ; 

| outer and inner circles, the diviſions on 
| the limb ſerving equally for both. 

There are ſome protractors, now made 

with a Vernier's ſcale, ſuch as deſcribed in 

the 3d Section; where we treated of the 

ſextant. And ſome there are with diago- 5 

nals, but theſe inſtruments are of too ſmall 

2 radius 


to be true. 
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a radius to admit of theſe latter diviſions 
But in ſhort we have no need 
of theſe very great niceties, as we do not 


plan for the contents; -as other authors 


have done. 


To make or lay down an angle of any given 


number of degrees by the protrattor. 
Lay the center of Ahe protractor to the 
angular point, and bring the fiducial edge 
{or the edge paſſing through the center) 


cloſe to the given line, then from that end 


of the protractor which cuts this line, 


count the given number of degrees and 


minutes in the limb, and there make a 


point; a line drawn through this point 


will form the angle required. 


Example. Suppoſe it be required to abe 
an angle at the point C, Fig. 7th, with the 


line C A, of 45 degrees; lay the center of 
the 
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y2 or Tus USE Sic. v. 
the protractor to the angular point C, fo 
that the fiducial edge of the diameter lies 


all the way cloſe to the given line A C; 


then from this line count 4; degrees, and 


there make a mark or prick with your 


protracting pin, and through this mark 
draw the line C, which forms the angle 
required: : this line alſo forms, with the 


line C B, an angle of 135 degrees, as is 


ſhewn by the inner ſcale of numbers. In 


like manner an angle at C may be made 
with the line C B, for inſtance of g 49,, 40, 

having laid the edge of the protractor cloſe 
to the line CB, and center to C, count 


345 on the innermoſt ſcale, and for the 40 


minutes. eſtimate as near as you can twa 
thirds of a degree more, and there make a 
prick or point; aline CE, drawn through 
this point, makes the angle BCE, 33 
49; * its ſupplement or angle 

1. ACE 
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ACE, is 145% 200, as is ſhewn by the 
outermoſt ſcale. . 

How to find the number of degrees con- 
tained in an angle already made is ſelf- 
evident; for having adjuſted the protrac- 
tor to the center, and one of the legs of 
the given angle, the other leg (produced 
if need be) will cut the limb of the pro- 
tractor in the degrees which the angle 
contains ; ſuppoſe the angle AC D, 
Fig. 7, be required ; ſet the center of the 
protractor to the angular point C, and the 
edge of its diameter to the line AC; then 
Will the line CD cut the limb of the pro- 
W tractor in 45 degrees, (counting from the 
une A C) the angle ſought. And in the 
dame manner the angle BCD will be 
found 135 degrees, counting from the 
ine BG | 5 


* 


Note, 


16 DESCRIPTION or Sd. v. 
ing chains is half an inch. Theſe I call 
the quarter and half inch running ſcales. 

Note, The diviſions marked o, are 
drawn quite acroſs the ruler and exactly 
perpendicular to its edges. 

On the under or backſide which is flat; 


and marked B, is a diagonal ſcale of half 


an inch to a chain; this ſcale contains 
eleven parallel lines, drawn exactly at 
equal diſtances, nearly the length of the 


ruler; and theſe are divided into equal 


parts of half an inch each, by perpendicu- 
Jar lines drawn quite acroſs them, and 
commonly numbered at every diviſion | 
the firſt diviſion is ſubdivided into ten 
equal parts, both in the upper and lower 


parallels, and oblique lines drawn from 


the beginning below, to the firſt ſubdivi- 


ſion above, and from the firſt ſubdiviſion 
below, tothe ſecond ſubdiviſion above, &. 
| divid- 
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dividing the firſt half inch into one 
hundred equal parts : if therefore the lar- 
ger diviſions be accounted units or chains, 
the firſt ſubdiviſions will | be. t tenth parts of 
an unit, or of a chain, viz. ten links; and 
the ſecond ſubdiviſions made by the dia- 
gonals on the parallels will be hundredth 
parts of an unit, Or of a a chain, and conſe- 
quently each one link. Again, if the lr. 
ger diviſions be reckoned tens, the firſt ſub- 
diviſions will be units, and the ſecond ſub- 
diviſions tenth parts ; ; and if the larger 
diviſions be accounted hundredths, the 


firſt ſubdiviſions will be tens, and the 
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_ — it be re fired to 15 down the ling 
of of 7. 58 Chains by the quar- 


Draw an accult line with the point of 
your compaſſes, in the poſition you would 
have the line AF, at one end make a 
prick to repreſent the point A, lay the 
edge of the quarter ſcale to this line in 
ſuch manner. that the diviſion marked o, 
may fall exactly on the prick or point A: 
then with your protracting pin make a 
prick at the diviſion, repreſenting 4 chains, 
and it gives the point B: make another 
prick at 6 chains, and it gives the point 
E; alſo make a prick very near the 6th 
ſubdiviſion between the 7th and 8th divi- 
ſion, and it gives the point F, 7 chains 
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and 58 links: the 6th ſubdiviſion being 
W 60 links, becauſe each ſubdiviſion is 10 
f links as before obſerved. 

= If you turn your ſcale fo as the point. 0 
may fall on the point B, and the line 
drawn from o acroſs the ſcale may coĩn- 


a S &. # 


cide or fall exactly on the line A B, che 
edge of the ſcale will be perpendicular-to 
the line AB; then againſt one chain 
make a prick, and it gives the point C: 
do the ſame at E, and it gives the point 
D; join the points AB, BC, CD, DE, 
and EF, and they will repreſent the lines 
meaſured with the chain in ſuch Propor- 


tion, as a quarter of an inch is to one 
chain. And exactly in the ſame manner 
may the above, ot any other line be laid 
down by the half. inch running ſcale. 
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20. To 


20. To meaſure a line that is already laid down 
by the running ſcale. 


+ Ap the edge of the ſcale to the line 
required to be meaſured, ſo that the be- 
ginning or diviſion marked o may fall ex- 
actly on one end of the line; and againſt 
the other end you have the chains and 
links required, 5 

Example. Let it be required to meaſure 
the line A F. Fig. 6th. Apply the edge 
of the ſcale to the line ſo that the o may 
fall exactly on the point A, and againſt F 
is 7,58 that is 7 chains and 58 links re- 
. | 


35. 5 by down a line of 7, 38 . by the 
diagonal ſeale. 


Having drawn an occult line as before 
directed; ſet one foot of the compaſſes in 
„„ | the 


» 0 


CF 


Ska. V. THE PLOTTING SCALES. 81 


the diviſion marked 7, which in this caſe 


ſtands for 4 chains; and carry it in that 


perpendicular until you come to the 8th 
parallel, counting upwards: extend the 


other point of the compaſſes to the inter- 
ſection of the ſame (8th) parallel, with 


the 5th diagonal; and this extent will be 


= 7,58 chains, which prick down on the oc- 


cult line, with each point of the com- 
paſſes: connect theſe points and it will be 


the line required. 


Note, The line laid down by this ſcale 
will be double in length to that of Fig. 6, 
by reaſon this ſcale is double of the ſcale 
that figure was laid down by. Neverthe- 
leſs you may by this ſcale lay down any 


line in proportion of a quarter of an inch 


to a chain, by firſt halving the number of 
chains and links in the propoſed line, and 


taking thoſe halves from this ſcale. Sup- 


— 4 


G | poſe 
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poſe for example, the above line of 7,8 


chains; the half of which is 3,79 chains: 
ſet one foot of the compaſſes Where the 3d 
diviſion or chain cuts the gth parallel, or 
topmoſt but one, extend the other point to 
the interſection of the ſame parallel with 
the 7th diagonal, and this extent will be 
equal to 7,58 chains on the quarter ſcale, 
and may be laid down with much a 


exactneſs by this than by a quarter ſcale. 


4% To meaſure a right line that is already laid 
.: down, by the diagonal ſcale. 
Take the extent of the line in the com- 


paſles ; place one foot on the firſt parallel, 
at ſuch of the diviſions or chains, as will 


bring the other foot among the diagonals; 
move both the ſeet upwards till one of 
them fall into the point where the diago- 
nal from the neareſt tenth cuts the ſame 


| paral- 
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parallel as the other foot cuts in the per- 


pendicular; then one foot ſhews the 
chains, and the other the hundredth parts 
of a chain, or number of odd links. 

Example, Suppoſe one foot of the com- 
palles ſtanding in the point of interſection | 
of the 8th diagonal with the 4th parallel, 
at the ſame time as the other foot is in the 
interſection of the ſame parallel with the 
12th chain, or perpendicular diviſion 
marked 12 ; then one foot ſhews 12 


- chains, and the other 84 links, or 12,94 


chains the length required, 


N. B. If the line has been laid down 


by a quarter ſcale, and is meaſured by the 


half-inch one; the line thus found mult 
be doubled : thus the above line by he 
quarter ſcale will be 25,68 chains, 
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SECTION VI. 


Shewing how to take the dimenſions,: caſt up, 


whether regular or irregular, by various in- 


firuments and methods, with ſome very 4 oful 
remarks thereon. 


8 a ſuperfices cannot be contained 
1 under leſs than three ſides, or right 
| lines (by defin, 3d of Geom. ) I ſhall there- 
W tore begin with ſuch figure, called a trian- 
8 gle (defin. 6th Geom.) 255 - 


Let ABC (Fig. 9, Plate g.) be a plane 
triangle whoſe dimenſions, content, and 
Plan, are required. | 


G3 1.» 


and plot, any right lined field or incloſure ; 


86 By Sec. VI, 


1 Þy the Chain only, 
Begin at A, and meaſure the fide A B, 
according to the directions given nnder the 
uſe of the chain ; ſuppoſe 11,41 chains, 
that is 11 chains and 41 links; which note 
in your field-book or on a piece of paper ; 


then meaſure B C 10.36, and CA $11. 


chains, which alſo note down in your field- 
bock or paper, and the dimenſions are 
. 5 


Now the area or content is found from 
theſe dimenſions by the following pro. 
blem. 
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PROBLEM I. 
Having the three ſides of a Pane triangle, 10 
Ind the area. 


8 VU E. 


\ 3 


Add the the 15 together, and take: F 


half their ſum ; then from the half ſum 


fubtract each particular fide : multiply the 
half ſum by the ſirſt difference, this pro- 
duct by the ſecond, and that by the third 
difference; the ſquare root of this laſt 
produc will be the area, 
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ſides B C10, 56 
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2) 29,8 ſum 


14,54 half ſum 
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Iſt diff. i 3,13 
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1 the laſt area. 
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3) 1345,80032828 (36,6851 the ſquare root. 
66) 445 | 
396 


726) 4980 
4350 


7328) 62403 
58624 


73365) 377928 
| 306825 


733701) 1110328 
. 


376627 


i 


this 36,68 31 is the area in ſquare chains; 


| and as 10 ſquare chains (ſee Table 1, fol- 
lowing) are contained in an acre; if 
36,6851 be divided by 10 the quotient 


3,668 51 will be acres and decimal parts of 
an acre; which parts multiplied by 4, 
(the roods in an acre) the product will be 


roods, and decimal parts of a rood ; and 


_ theſe parts multiplied by 40, gives perches 


POL IT | 


and 
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and parts of a perch; which is the leaſt 
denomination generally ſet down by ſur- 
veyors. 


Thus, 


1(0)3)6,6851 area in chains 

Acres —g,668;1 
„ I 
Roods 2, 07404 

: 40 
Perches 26,96160 


ſo the area or content is 3 acres, 2 roods, 
and 26,96, &c. or 27 perches. 

N. B. It is uſual for authors to let down 
the dimenſions i in links ; ; that is, without 
any ſeparating ” point between the chains 
and links; . and ſo find the area in ſquare 
links ; : which divided by 100000 the 
ſquare links in an acre (ſee Table 1) the 
3 is acres and decimal Parts of an 
acre; which are reduced into | roods and 


perches ; as before. | | 
But 
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But inſtead of actually dividing by 10 
as above, or by 100000; point off to the 
right hand one figure for each cypher, and 
what remains to the left (if any) will be 
acres; that is, in the former caſe (which 
I always make uſe of) ſeparate by a line or 
daſh with the pen, one figure more than 
| the decimals; and the figures on the left 
i of the daſn are acres, and thoſe to the right 
decimals; as 36,6851 ſquare chains be- 
come 36,6851 acres, &c, and 366831 
ſquare links become 3, 66851 acres, &c, by 
pointing of five figures for the five e cyphers 
in the latter caſe. 1 
Remark, And thus the ſurveyor is by 
a great deal of labour, arrived at the true 
content of this little triangle; which me- 
thod 1s nevertheleſs recommended by ſome 
late authors, as the only true method of 
finding the area of a triangle by the chain 


only : 


92 


only: and alſo made uſe of to confront 
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the truth of other methods commonly 
made uſe of by the theodolite or plain 
table; i pretending to demonſtrate that no 
polygonal field can be truly meaſured by 
either of theſe inſtruments. 
But I think it is much eaſier to demon- 
irate that any ſuch field may be truly 
meaſured by eicher of thoſe inſtruments, 
though not in the common way of ufing 


them, as will be ſhewn by and by. There 


fore the poor inſtruments are condemned 
without occaſion, the fault being in the 
ſurveyor; or rather in the authors who 
have heretofore taught the uſe of them. 
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The plan of this triangular field is eaſe ly obtained | 
from the gth prob. of Geometry, " | 
(lee Fig. 9 dite; 
From the point A draw an occult 
line, to which apply the- edge of your j 
plotting ſcale, ſo that the beginning may 
coincide with the point A, then againſt 
1 chains make a prick with your pro- 
tracting pin as at B. 5 _ 
= Take 10,56 chains in your compaſſes 
; | from the ſame ſcale made uſe of for A B, 
; and with one foot on B deſcribe an occult 
| arch; alſo with 7,11 chains and one foot | 
| on A deſcribe another arch ſo as to inter- 3 
W {ect the former in the point C; draw the 
nes A B. BC, and AC, and they will 
borm the Plot required. 


5 Before I proceed to the other mathe 
; it may be proper to add the following uſe - 
W fl tables. 8 . 
0 55 TABLE 
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is Y 1 
* 4 9 
* 


„„ 1% Et 
Of Square Meaſure. 


"Links | Yards | „„ 


*r —— — — _—_ 


* 


* 


0,657 = Poles 
* 625 30,25 I Chain | 


$6. -; 
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10000 | 484 


* 
. * 
—— — — — * 1 : 2 
th. 


25000 | 1210 40 . Acres 


100000 4840 | 160 | 10 | | 4 ; 


— Tn 1 


TA LL A 
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Inches Links | 


77 
4 


Chains 


* | 


Furlongs 


— 
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93 
TiAB I. mM , | 
of Angles and their Fatlors. . 24 
Ang Factor. = Ang. | | Ang. Factor. | Ang, k 
"43 | 23409 | 137 ||, 65 4602 113 
44 3473 136 68 „„ n 
45 35335 135 69 4668 | It 
46 | 3596 | 134 || 70 24698 110 
47 |: 43656 |. 133 |: 71: |:.: 24927 - |. 109 
48 „3718 | 132 72 4755 108 
49 23773 131 73 4781 107 
50 38 30 130 74 | 4806 106 
51 „3680 129 7 „429 1 
52 „3940 128 76 „488 | 104 | 
533993 127 77 24072 ; | 103 
54 | . 4945 126 78 „4890 | 102. 
55 40% | 125 | 79 |. ,4908 10 
5b | 4145 124 80 „4924 100 
57 4193 123 81 „4938 99 
58 | 24240 122 82 4951 5 Jo 98 | 
% ,4285 121 33 , ,4962 97 
00 | „4330 120 84 | 49% 86 
| bx 4373 119 85 54981 s 
Hh | ah | 118 | 86 | 44987 94 
63 4455 1x7 ||: $ 4993 1 93 
04 | 24494 .| 146 88 4997 92 
„ 4521 | -m45-1. 89:1 7 aud 91 
bb 4567 _| 1 14 || 90 } +5000 | go | 
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amine 


Of Chords to the radius of 100 Links. 


— 


bord 


, 


| 69 


An. 


67 


73 


Chord 


; I10,4 


T4655 1 
113,3 


114,7 


116,1 
11755 
119 

120,4 


Chord 


142,6 
14358 


145 
146,2 


14774 
148,6 


149,8 


8151 


152,1 
133,2 
154,3 
15554 


186,5 
157,60 
158,7 


160,8 
161,8 
162,8 
163,8 


165,8 


159,7 | 


164,8 
166,8 
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An; 


117 


1118 
pa 


119 


120 


121 
122 


— — 


126 


127 
128 


130 


131 
132 
133 
134 
135 
136 
137 


115 
116 


123 
124 
125 1 


129 


Chord 


1381 


167.7 
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TABLE:V. 
Of Roods and Perches| 
to chains & decimals. 


Chains, &c. 


0625 
1250 


1875 


„2500 


3125 
73750 


| 34375 


55000 


| 


5625 
56250 
„6879 
57500 


58750 


9375 
1, 0000 


— 


58123 
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2,00C0 
3,0000 
4,0000 
5,0000 
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R. 


© 000 
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The foregoing TABLES explained, 


The firſt is a table x ſquare meaſure, 
and may be read thus: in one acre are 4 
ſquare roods, or 10 ſquare chains, or 160 
ſquare poles or perches, or 48 40 ſquare 
yards, or 100000 ſquare links. Alſo in 1 
rood are 2,5 ſquare chains, or 40 ſquare 


poles or perches, &c. 


The ſecond is a table of long-meaſure, 


and read thus; 1 mile contains 8 furlongs, 


4 
8 1 
8 
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or 80 chains, or 320 poles, or 1760 yards, 


oo 


yards, or 8000 links, or 633 360 inches, 
ec. 


The third is a table of Factors anſwer— 
ing any given angle between 43 and 13) 
degrees, which are all I have found necel- 
ſary in my practice of ſurveying. 
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Theſe factors are the half of the natural 


ſines of the angles they ſtand againſt, re- 


duced to the radius 1. 


If the given angle is leſs than go de- 


grees, it is found in the firſt or fourth co- 


lumn, and the factors againſt it in the 


ſecond or fifth column: but if the angle 


be more than go, it is found in the third 


4 ks 
or fixth column, and the factors in the 


| fame as before: obſerving that each fac- 


| tor has two angles, except that for go“. 


Suppoſe the factor for an angle of 82 
degrees be required; find 829 in the 


fourth column, and againſt it in the fifth 
W is 4951 the factor ſought. Again it is 
required to find the factor for an angle of 
W 98 degrees, find 98* in the ſixth column, 
and againſt it in the Gfih is ,4951, the 


lame as before for 82%. In the ſame man- 


H 2 - "NEC 
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ner may the factor for any other angle be 


found. 


The fourth is a table of chords, or ſub- 
tenſes of the angles they ſland againſt, to 
the radius of one chain or 100 links; or 
theſe chords are the third fide of an iſoſceles 
triangle, the two other being each one 
chain, (ſee Diff. 4th Geom.) therefore if 
the chord or ſubtenſe be given, the cor- 
reſponding angle is given alſo by this 
table: thus ſuppoſe the chord be 119 links, 
what is the correſponding angle: ſeek 119 
in one of the columns marked chord, and 
againſt it in the next column on the left 


hand is 73 degrees, the angle required. 


The fifth is a ſmall table for the ready 
finding the roods and perches anſwering 
any number of ſquare chains and decimals 
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of a chain leſs than ten. Suppoſe there 
was given 36,6851 (ſee the example to 
prob. 1. ect. 6.) having cut off the 3 for 


acres, there remains 6,6851 ſquare chains: 
find the integer 6 in the left hand column 


towards the bottom, and againſt. it in the 
other columns under R. and P. is 2 roods 


and 16 perches: find alſo the decimals 


68 1 or the neareſt to them in the left 
hand column, and againſt them is 11 
perches, which, added to the 2,16, makes 
2 roods 27 perches, for the anſwer : and 
ſo for any other. | 

This ſaves the trouble of multiplying by 
4 and by 40, and will be found very us 
ful and expeditious i in practice. 


Having explained the tables, 1 ſhall 


now proceed to the other methods of ſur- 


veying a triangular held. 


H 3 44 To 
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2d. To ſurvey a triangular field by the chain 


and croſs. 


This is by ſeveral authors (I think im- 
properly) called ſurveying with the chain 
only. (See Wild's practical ſurveyor, Page 
45; alſo Leadbetter's young mathemati- 
clans companion, page 345) 

The croſs * is only a ſmall bit of hard 
wood, about 3 or 4 inches diameter fixed 
on the head of a ſtaff about your own 
height, and having two ſlits ſawn in it with 
a fine ſaw croſſing each other exactly at 
right angles. - 

Having ſet up whites at the corners of 
the field, (Fig. 9, Plate 5.) begin at one 
of them, ſuppole A, and meaſure on in a 
right line towards B, till you think you 
are Come near LO the point D, where a 


perpen- 


Some have them made with braſs Res 
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perpendicular will fall from the angle C, 

then letting the chain lie in the line A B, 
ſtick down the croſs cloſe to the fide of the 
chain, and ſo as to ſce through one of the 
llits, the white at A or B; then look 
through the other ſlit for the angle C, and 
obſerve whether 1t falls ſhort, cuts, or falls 
beyond the ſaid angle C if it falls ſhort, 
move forwards; if beyond, move back- 
wards ; till by a few trials, you find the 
exact point D, where the croſs being ſtuck 
down, you can through one of the ſlits ſee 
the white B, and through the other the 
point or white C: obſerve how many 
chains and links this point D is from A, 
ſuppoſe 3,03, then let your aſliſtant, leav- 

ing an arrow at the end of the fourth 
chain, turn towards C, and you leaving 
your arrows with the croſs at D, meaſure 
the perpendicular DC: and having en- 
5 — $4.4 tered 
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tered the ſame in your field-book, ſuppoſe 


6,43 give your aſhſtant the arrows, and 
return and meaſure out the baſe or line 
AB, 11,41 chains, which alſo enter in 
your field-book, and the dimenſions are 


finiſhed, and the area found by the pro- 


blem following. 


PROBLEM UI. 


The baſe and perpendicular of a right lined tri: 
angle being given, to find the area. 


3 ULE 


Multiply the baſe by half the perpendi- 


cular, or half the baſe multiplied by the 


whole perpendicular, gives the area; or 


multiply the baſe and perpendicular toge- 
ther, and half that Product will be the 
area. 
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Example of the foregoing dimenſions = 


Baſe : : 5 4 %% 
half the perpendicular 4,215 1 
5705 a 
W : 

2282 


3423 
product ſquare chains 3)6,683 15 


26003040 
hence the content is 3 acres, 2 roods, and 
26,93, KC. or rather 27 perches, the ſame | 
| as found by the firſt method. i 

Remark. Thus you ſee the area of this 
triangle is truly obtained with much more 
eaſe and expedition both in the dimen- 
ſions and computations, than by the firſt 
method; and therefore is much n 
in e 


The 


— I PEO nn 
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The ſextant may with advantage be a 
ſubſtitute to the croſs, as a perpendicular 
may be let fall from any required point; 
with much more eaſe, expedition and 
exactneſs, by that inſtrument, than by 
any other ever yet invented: and for this 
_ purpoſe there is a ſmall hole in the outer 
edge of the ſextant ; into which you may 
put a peg, and it will ſtop the index ex- 
actly at go degrees: then ſuppoſe the 
point D, in the laſt example, where the 
perpendicnlar falls from C, 1s required: 
being come, as you think, near the point 
D, ſet the index to o, (the inſtrument be— 
ing already adjuſted) and looking through 
the ſights at the mark at B. bring its image 
towards C, by ſliding the index till it ſtops 
at the peg or goth degree; then obſerve 
whether the ſaid image falls ſhort, coin- 
cides, or falls beyond C; if it falls ſhort, 

| | move 
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move gently forwards along the chain line 
towards B, if it falls beyond, move back- 
wards towards A, keeping your eye ſome- 
times on the image, and ſometimes on the 
white at C, and you will find the image 
approach as it were, the point C, and 
thus move on till the image and white do 
exactly coincide, which will be at the point 
D, required: for the index being at gos 
and che image at B, brought to coincide 
with the point C: its plain the angle 
BDC muſt be a right one or go degrees: 
In the ſame manner may the image of the 
mark at C be brought to coincide with the 
mark at A. 


The plan is had from the foregoing di- 
menſions thus; from your diagonal ſcale, 
make. AB equal 1 1,41 chains, and AD 
3,03 chains; on the point D erect the 

. perpen- 
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perpendicular D C. (by prob. >, Geom.) 
and make it equal 6,43 chains, then draw 
A C, and B C, and its done. (See fig. g.) 
This may be planned more expediti- 
 =oufly by the running ſcale; fee its expla. 
nation and uſe in Section 5. 


35. Method by Chain and Sextant. 


The 3d method 1 hall here make uſe of to mea- 

fre the triangular field, fig. g. 1 believe is 
25 © entirely New, as I never ſaw it in any au- 
| thor, nor pradliſed by any ſurveyor, ful I 
uſed Wu, and taught it my pupils and others, 


Having ſet up whites at the corners, 
begin at one of them as A, and meaſure 
the ſide AC 7, 11 chains, which write in 
your field book; then ſtanding at the an- 
gle C, find with your ſextant the angle 
A CB, bybringing the image of the white 
a at 
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at A to coincide with the other at B; then 
will the index ſhew the degrees and mi- 
nutes of the angle to be 77%, 44 (ſee the 
ule of the ſextant in taking horizontal 
angles, ſect. 3d) ſet down this angle in 
your held book, and meaſure the ſide CB 
10,56 chains, which ſet down in your 
field book, and the dimenſions are 
finiſhed. 


The area is found by 
P R OBL EM IV; 


Having two ſides and the including angle, of 
any right lined triangle given, to find the 


area, 
| Multiply the two given ſides together 


and that product multiplied by the ſactor, 


found. 
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found in table gd, anſwering the siven 
- ale gives the area. 


X A . 


C B-— 10,35 
A Cor 711 | 
1056 

1056 

7392 


product of ſides 7520816 


3 of ſides = = 75,0816 
factor to 774 = 4885 


3754080 

6006528 
6006528 

3003204 


ſquare chains 36,67736160 


here is 36 ſquare chains and eight decimal 
places of figures; but as four decimals are 
ſufficiently near the truth, it is better to 


py the firſt Prop by the factor i in · 


verted, 
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verted, as is commonly taught in decimal 


arithmetic. 


Thus product ſides 75.0816 
factor inverted 5884,0 


300326 
60065 
6007 
375 


36,6773 
this reduced is 3 acres, 2 roods, 26,83 
perches, the true content as before. . 

In table the 3d, the factors are ſet only 
do even degrees, but are eaſily obtained 
bor any odd minutes, by taking the diffe- 
W rence between the two neareſt degrees; 
and adding 1-4, 1-2, 3-4ths, Kc. of this 
difference, as the minutes may require; 
to the factor for the given degree. Thus 
in the above example, the difference be- 
tween the factors for 77 and 789, is 18; 
now 14 is 3-4ths of a degree, therefore add 
g- - ths of 
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| 3-4ths of 18, viz, 13 to, 487 2 the factor for 
77%, and it gives ,488; for 77% 44“. Or 
by proportion thus, as 19 or 600: 13 diff. : : 
44: 13 diff. as above; but in general the 
difference may be had by inſpection. 


To plot this field from the laſl dimenſions, 


From the ſcale you think moſt conve- 
nient lay down the line A 1 chains, 
then lay your protractor, with the diame- 
ter on the line A C, and center on the 

point C, and prick of the angle ACB, 
equal to 772,,44', that is, 779 3-4 nearly, 
make C BO 56 chains, and draw A B, 
and your plot is finiſned. 

This may alſo be plotted by belp of a 
line of chords, inſtead of the protractor; 4 
for having laid down the line A Cy, i: 
with the radius or chord of 60 in your 


e on the point C deſcribe the | 
| arch ; 
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arch a b; then take in your compaſſes the 
chord of the angle ACB=77 g-4 de- 
grees, and ſet from a to b, and through b, 
draw C B making it equal OY and 
draw AB, andi its done. 


Remark. Several late authors have 
proved that neither the Plain Table nor 
Theodolite, are inflruments ſufficiently 
correct for meaſuring land in the common 
way; they ſuppoſe (and I believe very 
juilly) that an angle cannot be taken 
nearer than ten minutes of the truth; 
with the new improved theodolites ; : lee 
page 17 of Wzicur's introduction to land 
meaſuring, new methodized ; and Grar's 
introduction to his art of land meaſuring, 
page 7.) Now this error of ten minutes, 
amounts to an error of about one acre in 
90, or poles in 3 acres, as proved by the 

I in "lt 
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laſt mentioned author. And the former 
ſurveying a field of about g and half acres, 
with all poſſible care, two different ways; 
with the plain table made a difference of 
20 poles. eb 

The content found by the plain table 
will in general be leſs than the truth, by 


reaſon of the papers expanding in the 


field (eſpecially in damp weather) where 


the dimenſions are laid down. And con- 
tracting in a warm dry room, where the 
contents are generally caſt up : for if the 
lines are now meaſured again by the ſame 
ſcale they were laid down by ; they will 
be found conſiderably too ſhort, and con- 
ſequently the contents too ſmall. 
. ſhall now ſhew that the foregoing field 
or any other, may be meaſured ſufficiently 
exact by either of the juſl-mentioned in- 
ſtruments applied to this my new method; 
{or 
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for having meaſured the fide A C, plant 
your theodolite or plain table at the cor- 
ner C, and take the angle ACB ſuppoſe 
78, which is 16 minutes more than the 
truth, inſtead of 10, and meaſure the 
other ſide CB 10,56 chains, now with 
_ theſe dimenſions find 0 area by the laſt 
problem. 


thus the 8 of the ſides 75,08 16 
factor to 789 inverted = 984,0 


| 200326 
60065 
6757 


area in ſquare chains 36, 148 


which reduced, is 3 acres, 2 roods, 27,43 
perches: here the error is but half a pole, 
whilſt in the common method it would be 
upwards of 7 "4G 


TR ©. 
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This I think is ſufficient to prove that 
jt's not the inſtruments, but the method of 
applying them, that has been the occaſion 
of error. And I ſhall further obſerve 
Here, that the nearer the including angle 
is to 90 degrees, the leſs will be the error 
in this way of finding the content. 
For ſuppoſing the ſides the ſame as be- 
fore, but the true angle at C to be go?, 
then the true content will be 3 acres, 3 
roods, o, 65 perches, but inſtead of go?, 
ſuppoſe the angle be taken 87”, 3o', the 
content wall then be 3 acres, 3 roods, 
00,04 perches; here the content is but very 
little more than half a pole leſs than the 
truth, though the angle was ſuppoſed two | 
degrees and a half too mall. Hence it may 
be worth while to obſerve, that in finding 
the contents this way, we ſhould make ule 


of 
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of the ſides including the angles that are 
neareſt to go degrees. : 

As ſome of my readers may be doubtful 
of what I have here aſlerted ; I thought it 
would be proper to add the following de- 
monſlration of the rule. 

Let ABC (fig. 10, plate 5j.) be a trian- 
gle, two of whoſe ſides are given, viz. A B 
and BC, and ſuppoſe the included angle 
ABC a right one: on B, as a center with 
B C, deſcribe the ſemicircle I CF, and 
make the angles DBC and EB C equal 
each other, and draw D E and it will be 
parallel to AB; compleat the triangles 
ADB and AEB, whoſe areas will be 
equal, (38 Evuciip. 1.) each having the 
ſame baſe AB, and altitude D G, equal 
EH. Now ſuppoſing B C, equal DB. 
equal B E, equal radius, (1) then will CB, 
I'S D G, and 
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D G. and E H, be each equal the ſine of 
the angles ABC, ABD, and A B E, re- 
ſpectively; therefore the areas of the tri- 
angles AB C, and ABD, are in propor- a 
tion as the ſines of their including angles. 
(1 Euclip. 6.) And AB multiplied by 
B C, multiplied by radius (1), is equal 
twice the area of the triangle A B C, 
(42 Evc. 1.) therefore A B multiplied bz 

BD, multiplied by fine angle ABD, is 
equal twice the area of the triangle ABD. 
Hence A B multiplied by BC, multiplied 
by half radius, is equal the area of the tri- 
anzle A B C; and conſequently AB mul- 
tiplied by BD, multiplied by half fine of 
che angle ABD, is equal the area of the 
triangle ABD, which was to be proved, 
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80 no 
Seeing the areas of the triangles ABD, 
and AB E, are equal, though the includ- 
ing angles at B are very uncqual, the one 


being as much under go degrees, as the 


other exceeds it; ſhews the reaſon why 


each factor in table 3d, has (or ſerves) two 
angles, every angle and ats ſupplement 
having the ſame ſine. | 


COROLLARY II. 


When the angles ABD or ABC be- 
come nearly equal the angle AB Cor go 
degrees, then their ſines or perpendiculars 
DG or EH, become nearly equal to CB, 
or radius; conſequently the area of che 
triangles ABD or ABE become nearly 
equal the area of the triangle AB GC:; 
11414 


——— a 
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therefore no great exactneſs is required in 
an inſtrument for taking the angle in ſuch 
a caſe, as a degree or two will make no 


material diflerence in the areas. 


4. Method by the Chain only. 


7; The method I am now going to explain 
is different from the firſt method, which 
was alſo by the chain only; the dimen- 
ſions and calculations, being here greatly 

ſhortened by kelp of the 4th table. 
Let the area of the ſame triangular field 
be required; having meaſured the ſide 
AC (as before) 7,11 chains, then ſtick 
down your off-ſet-ſtaff, or an arrow 
through the handle or bow of your chain 
at C, let your aſſiſtant at the other end of 
the chain, holding it tight, flick down an | 
arrow exactly in the line or direction C A 
28 
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as at d; then let him go into the direction 
CB, and flill holding the chain tight, 
flick down an arrow at the end exactly in 
the direction CB, as at e, then meaſure 
very exactly the chord d e 125,5 links, or 
one chain 25 and a half links, note this in 
your field book for the chord of the angle 
C, take up the arrows, and meaſure the ſide 
C B, and the dimenſions are finiſhed. 

The area is found by prob. 4, exactly 
the ſame as in the laſt method ; for find- 
ing 123, 5 in table 4, in one of the co- 
lumns marked chord, you have againſt it 
in the next column to the left hand, the 
angle anſwering : that is the angle at C 
equal 77, 44; therefore multiplying the 
ſides together, and that product by the 
factor for 37, 44, taken out of table 3d, 
gives the area the ſame as in the laſt me- 


— 
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thod and example, and needs not to be 


here repeated. 


Ihe plot is made from the foregoing di- 
menſions as follows: firſt draw the line 
AC, making it equal 7,11 chains; then 
with an extent of one chain in your com- 
paſſes, and one foot in C, deſcribe the 
arch d e, in which from d, ſet 1,255 chains 
to e, that is, make the chord de, equal 
1,255 chains, and through e draw CB; 
making it equal 10,56 chains, then join 
AB and its done. 


N. B. If a ſmall ſcale be uſed in plot- 
ting, the radius C d of the arch d e will 
be too ſmall to lay the figure down with 
exactneſs: therefore to remedy this; 
multiply the dimenſions for laying down 
the angle by 10, then will the radius C d 

be 
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be equal 10 chains, and the chord d , equal 
12,55 chains, therefore making them equal 

theſe dimenſions, the angle C may be 


laid down from a ſmall ſcale with the ut- 


moſt exactnels. 


Remark. This method is very exact but 
more laborious than the foregoing one; 
and indeed is often impracticable, by rea- 
ſon of various obſtacles that may happen 
in the way, as buſhes, furz, trees, water, 
&c. and in very unlevel ground it is not 
to be truſted to. 

However theſe dificultivs may ſome- 
times be overcome by meaſuring the angle 
on the outſide the fences ; thus in the di- 
rection A C make C/ equal one chain, 
and in the direction B C, make Cg one 
chain, and meaſure the chord /g. which 


will be equal the chord de of the angle 
A CB 


124 THE COMMON, &c. Sc. VI. 
AC B, as meaſured within the bounders 
or fences. 

Having, I think, fully ſhewn the moſt 
uſeful and exact methods for practice; of 
ſurveying and plotting a triangular field 
whoſe ſides are ſuppoſed to be ſtraight or 
right lines; and alſo how to find the con- 
tents, by the various methods, without 
having any regard to the plot. 

I ſhall paſs by the methods generally 
taught by authors, of plotting the land by _ 
the Theodolite, Circumſerentor, Plain 
Table, &c. and then finding the contents 
of the plot by ſcale and compaſſes; be- 
cauſe I think they are only near eſtima- 
tions; and ſo proceed to the ſecond part 
of this ſection. 


PART 
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PART 8 COND, 
$S.E.C.T, 1 0. 


 Shewing how to ſurvey, caſt up and plot, any 
right led, four, froe, fix, &c. fided piece 
of land, whether ſquare, parallelogram, tra- 
hezium, . | 


FE? T a ſurvey of the figures 11, 12. 
13, Kc. plate 3, be required. 

1. If the field contain but four ſides, 
as ſuppoſe figure 13: begin at one of the 
corners as A, and take the angle B AD 
either with the ſextant, theodolite, plain- 
table, or chain, but the ſextant is beſt, as 
being the moſt portable, expeditious, and 
exact; then meaſure the line or ſide A B, 

5 take 
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take the xk A BC, and meaſure the 
fide BC; take the angle BCD, and mea- 
ſure the ſide CD; take the angle C DA, 
and meaſure the ſide D A, and che dimen- 
fions are finiſhed. Add the four angles 
together, and if the ſum makes 360 de- 
grees or nearly ſo; you may conclude that 
the angles are taken right. I ſay nearly 
fo, for they will not be exactly 360, but 
ſomething more, unleſs the ground be an 
even plane, either horizontal, or upon an 
equal ſlope ; and therefore ſhews the im- 
propriety of taking angles with the mo- 
dern theodolite, which meaſures all an- 
gles (let the ground be ever ſo unlevel) on 
the plane of the horizon, and conſequent- 
ly often makes the contents of lands leſs 
than they really are. bag 
L And if by prob. 14, Geom. with the four 
given ſides, and one of the angles, you 


make 
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make the plot; and then meaſuring the 
four angles, if they come out each 
the ſame as taken in the field, or very 
nearly ſo, will prove the ſides to be mea- 
ſured right. But if there ſhould be any 
material difference, ſome miſtake has been 
committed, and muſt be corrected. And 
thus you may always prove the truth, both 
of the angles and ſides. | 


The content is' had by the rule to Prob. 

4, of this Section: thus; Multiply the 
ſides A B and B C together, and that pro- 
duct by the factor, for the included angle 
at B, gives the area of the triangle ABC, 
likewiſe multiply AD and DC together, 
and the product by the factor for the angle 
D, gives the area of the triangle A D C, 
and theſe two areas added together, gives 8 
the whole area of the trapezium ABCD, 


in 
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in ſquare chains, which may be reduced to 
acres, roods, and perches, as taught in the 


_ foregoing examples of the triangle. 


In the ſame manner may the ſquare 
parallelogram, and rhumbus be meaſured, 
if ſuch figures ſhould by chance be met 


with in pradlice ; and therefore I think it 


unneceſlary to add particular rules for 
each figure ; eſpecially as I apprehend it it 


impoſſible for a ſurveyor, when he goes 


into a field. to know Whether it be an ex- 


act ſquare, parallelogram, &c, or not, till 
he has taken the dimenſions, or at leaſt a 


part of them. 


All the above figures may be meaſured 
by any of the other methods, as taught in 
meaſuring the triangle: for if the ſides 
and diagonal be meaſured, which is ac- 
cording to the firſt method, the content 

2 Sa 
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may be found by the rule to Problem 1 
of this Section. 1 . 
ehe diagonal A c * me eaſured, and 
abo the two perpendiculars falling there- 
on from D and B. found by the croſs or 
ſextant, as taught by the and method of 


the triangle; obſerving, how many. chains 
and links each falls from A, if the plot is 
required; otherwiſe their diſtance need 


not be regarded. 


The content may be found by rule to 
Prob. 29. of this ſect. for a diagonal re- 


duces all four ſided figures into two trian- 


gles, and therefore may be meaſured, and 
caſt up as ſuch. But it will be ſomething 
ſhorter to add the two perpendiculars to- 
gether, then take half their ſum, which 


multiplied into the diagonal, gives the 
0 area of the whole figure at once in ſquare 
4 | e chains, 
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chains, &c. or half the diagonal into the 


ſum of the perpendiculans gives the area 
the ſame. 


An example of the held-book, and cal- 
culation, to Fig. 1 3, wan make all Plain 
to the meaneſt capacity. > 


N. B. This figure is laid down from a 


ſcale of eight chains in an inch, to fave 
room. 


The 


. 
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„ 


The FIE L D- BO OK to Figure 1 3. 
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* 
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7 


| 


U 
ä 


_ 


6,80 


S ift ſide AB 


„ 


a 
92 „45 


|= 2d fide BC 


— 


75 5500 


6,20 


j 


— 


115%,007 


= 3d ſide 


Larne 


CD 


1 480 


IS 4th ſide DA 


Here the ſum of the angles are only 


359%,z55', wanting 5 of g60?, but this 
ſhews the angles are taken ſufficiently 


exact, for if each angle had erred 5, it 


would not alter the-content half a quarter 


of a perch. 


K 2 


CAL 


CALCULATION. 


AB = e CD = 6,20 
. | N 4960 
Fact. L B 49940 Invert. 248 
163200 29,7600 
36720 Fact. £00; 1354 invert. 
3672 
163 119040 
: TT OY 2 — 14880 
20,3755 393 


Area triangle CDA = 13,4843 
Area triangle A B C + = 20,3755 


Area trapezium AB CD A= 3138598 
| te 1 


| 1,54392 
| 40 


21,7680 


Whole c content is 3 Acres, 1 Rood, 21,75 Perches, 


FIELD- 


ParT II. 


LAND-MEASURING. 


_ 15s 


FIELD-BOOK to the diagonal and 


perpendiculars. 
Terp. Ds — _ 386 == A ” 
A5 = 5,20 | Perp. Bb = 4,40 
9,30 = * AC. 
8 2 — — - —— 


CALCULATION. 


Viagonal 9,30 


Perpen. 


half Gale of perpendiculars 
. by diagonal 


K 3 


. 
— 


8 | 
"OD" B 5 = 44,40 


2)7,28 | 


| 3>64 
9,30 


10920 
3276 


33,8520 
52 


1, 54080 
ag" 


21,63200 


Content 3 acres, 1 rod, 21,63 perches, the ſame as 
before. | 


22 If 
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# the field contain more than aw; /i hs 
as ber 14, 15, and 16. 

Having fet up whites at the ſeveral an: 
ples; get an idea in your mind of the 
largeſt faur-lided li gure that can be formed 
in the field you are going to meaſure, 
which are repreſented in the above figures 
by the dotted lines A B, B C, CD, DA. 

Then beginning at A. take the angle 
B AD, and meaſure in a right line to- 
wards B, till you come againſt the angle 
J. there with your ſextant let fall the per- 
pendicular Je. (as taught in the 20. me⸗ 
thod of the triangle) obſerving at how 
many chains and links this off ſet or per- 
pendicular falls from the beginning or 
point A, which note in your field-book, 
and meaſure %, noting it alſo in your 
held-book ; then continue the meaſure of 
che line AB to B: take the angle ABC, 

| and 
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and meaſure the line B C; take the angle 
B CD, and meaſure. the line C D; take 
the angle .C DA, and meaſure che line 
D A; obſerving as you go round to let 
fall perpendiculars where neceſſary, and 
meaſure them as s ſpecified in the line A B. 


EX AML P L E to rigure 16, containing 


ſeven Sides. 


r E L D- B O O K. 


Ip A "IT | 800,35 1, 5 
Ae 2,56 80 =. 
5.32 1,5 att fide A B 
. B = || $89,256 3 
I 4.80 _ | = 2d fide BC. 
—=Cp:=4- apo, 136 3 gb 
4 D = | .929,,00/ 
ON Bi ao” 1,08 = VE 
1-4 3 _ = 4th fide D A 


Le Ati . 


30 


Wote. 


TAE NEW ART OF 


Sto. VI. 

Obſerve to ſet the off-ſets to the 
right or left of your column of angles and 
chains, according as they fall to the right 
or left of your chain line in the field. 


CALCULATION. 


factor * 8994 et. 


25,536 


4 


| 23,8128 
oy D 7994-ipvert; 


95251 
21431 


2143 
167 


11,8992 S area 
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AB 2 5 CD 102 DA=484 : 
zef = m4 os = . 44 = 11K = 54 


1 1968 a 
VU! * 8 f 7117" ee 
F n 


2,1648 . 2,6136 


a7 8 Ji 5 
Iſt area AC B N 
Q2d area ACD 11,8992 
Sum is the area A B C D a 92 
area triangle ABF = 2,1280 


area triangle C Dh = 2,1648 - 
area wangie DAlĩtlñʒg 236136 


3J57..,5684 


0062736 


25009440 


Hence the whole area is 3 acres, 25 
Pr 


Now to make a flat of the Jane. 


The. four- ided part is eaſily plotted | by 
Prob, 14, of Geom, „Then laying your 
plotting 


* 
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plotting ſcale on the line A B, with o, 
on the point A, and at 2,08 chains prick 
0 the point e, turn your ſcale perpendi- 
cular to the ling AB, with o, on the 


10. 
point e. prick of 80 links, and it gives 


the Point J. draw A 8 and FB. Lay 
your. ale on, the line C D, with o, on the 
point ©, and at 1,20 chains prick of the 
point g. turn your ſcale perpendicular to 
the line C D, wich o on the point g, prick 
of 88 links, gives the point h, draw Ch 
and k D ; and with o, on the point D, at 
2,00 chains prick of the point i, make it 
£qual 1,08 chains, and aa D * and 135 A, 
and*'its done. 

And after the ſame manner may any 
other field of a greater number of ſides be 
4 meaſured, caſt up and plotted. 

But it may not be amiſs to obſerve to 
"A young ſurveyor, that it may be of yſe 


9 IT EPL TS1 


1444100 


* 4 | ſome- | 


Parr II. LAND MEASURING. 139 
caſls it up; as it, will give him a betten 
idea of the en triangles formed by 


. . SS 6 (3 5183 dt! 4111 4d 
ESE d 7 5 23 = F- = f i 
I ic Er len 2: vd mwop 


W The s common a methode of mea: 
, and plotiing the foregoing figure by 
heodolite, Plain Tables Sch is by 
going round them, weaſuring evexy fide; 
and taking every angle; Which in the laſt 

figure above-mentioned has ſeven Gdes and 
as many angles; therefore the Theodolite, 
Plain Table, &c. muſt be planted down at 
ſeven different ations, which takes up a 
deal of time and trouble. Then before 
the content can be found, theſe ſides and 
angles muſt all be plotted; and it is well 
known that if the ſides and angles are not 
taken, and alſo laid down vith the utmoſt 
exactneſs; the two laſt lines will not cloſe, 


or” * 2 * k i ** 8 6 4 "Y : 
; . L * 1 
TY An : 
N * 
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and therefore the contetit cannot be had 
fo near the truth as it ought. For as the 
content is found by meaſuring the figure 
by the ſame ſcale that the ſides were laid 

down by: tis plain that if thoſe ſides do 
not exactly cloſe (and they very rarely will 
vhen the utmoſt care is uſed) the figure of 
the field is erroneous ;- and eee 
che area muſtebe fo too. : 
But in the method I have juſt before 
been explaining, none of theſe difficulties | 
or uncertainties happen; but the content 
is had with the utmoſt certainty. Beſides 
the dimenſions are taken with much leſs 
time and trouble. 
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Shewing how to ſurvey, caſt up, and plot, any 
incloſure or parcel of land, wood, or water, 
in the form of a circle, oval, or ſegment of 


a circle 5 1 


4%% any 1 figure 5 0; FRY, or 1 5 
ders, are part right and part curued lines. 


HE circle and oval are figures very 
rarely met with in ſurveying, unleſs 
in pleaſure grounds, gardens, fountains. 
cc. therefore I ſhall touch but lightly on 
them. But as the ſegment of a circle oc- 
curs more frequent, ſhall be more full on 
that ſubject; and ſhew an intire new me- 
: thod 
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| thod of finding the area of the ſegment of 
a circle, by help of a ſmall table of factors. 
which I invented and calculated in 1763, 


and have ſince that time taught! it to many 
of my pupils. 


Let ADB G A, (fig. 17, plate 5.) be a 


circular incloſure, whoſe content is re- 
quired. i 
Now in order to Gind the content we 
muſt firſt find and meaſure the diameter 
DE, (as the circumference cannot be well 
meaſured by the chain) which may be 
performed ſeveral ways. And firſt, if the 
circle be ſmall, ſo that the diameter does 
not exceed one chain; let your aſſiſtant 
hold one end of the chain at D, whilſt you 
Hold the other eu ſtretched near E, then 
F moving 
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moving it a little backwards and — 
till you find the longeſt TI D E, a and 
that will be the diaméter. e 
en the cirtte'be N whoſe dianie- 
ter conſiſts of ſeveral chains; meaſure any 
chord line A B, and re meaſure half v wWay 
back, and you have the point C, the 
middle of the chord line AB. On this 
point C, with your ſextant or other infiru- 
ment, erect the perpendiculars CD, and 


C E, ſetting up marks: meaſure D E. and 
it gives the true diameter. 


Alſo if the circle ſhould contain wood, 
water, Kc. ſo that you cannot meaſure a 
chord line. Then on the outſide, mea- 
ſure any tangent line a Db, of a conve- 

nient length, touching the circumference 
in the point D, and make D 6b, equal D a, 
and erect the. perpendiculars a A, and b B. 
' meaſure theſe perpendiculars, which will 

635% 1 
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be equal each other, if your work i is well 
performed and. each equal the verſed 5 
ſine Cp. and a 0 vill alſo be equal the 
chord line AB, by which the diameter 
may be found, by dividing the ſquare of 
half the chord A C, (or 4 equal D b,) 
by the verſed ſine C D, (or A a=B b), and 5 
to the quotient add the verſed ſine C D, 
(or A a) the ſum will be the diameter re- 


quired. 


banal 957 example, half he chord, 
A C be 3,60 chains, and verſed ſine CD, 
1,80 chains; what i is the diameter. 
Now 3,60 multiplied by 3,60 is equal 
12,9600, the ſquare of half the chord ; 
which divided by 1,80 the verſed ſine gives 
7,20. to which add the verſed line 1,80 
gives 9,00 for the diameter of the circle 
required. _ 
: my, 


0. 
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(13 ,& 5 
Secondly. Having found the diameter 


as above, the. content will be had by mule 
tiplying the ſquare of the diameter by, the 
decimal 7 8 54 the produdt | will by the area 
in ſquare chains, which reduce to acres, 
roods, and perches, as caught ir in the hegin- 
ning of the laſt ſection. 

F hus the ſquare of 9 chains is 81, and 
this multiplied by 7854 gives 63, 6174 
ſquare chains, or 6 acres, 1 rood, 18 
perches, for the content of ſuch « circle, 

Thirdly. The plot i is made by 4285 | 
ing a circle with 4,50 chains equal the 


radius or ſemi- diameter. 


2e. Of" the ELLTPSIS or OVAL. 
(Fig. 18, plate 85 F: 
In order to find the content of a an oval, 


we muſt firſt meaſure the greater diameter 
L A B, and 
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AB, and the leſſer one C D; which if leſs 

than a chain's length, may be eaſily mea- 
| ſured as directed for the circle. 

But if they contain ſeveral chains, it 
Will be neceſſary to ſet up marks at the 
extremities of the longer diameter as near 
as you can judge, as at A and B, then 
meaſure AB; and re-meaſure back the 
half. thereof, (viz.) BE, at E, eret E C, 
and E D perpendicular to A B, meaſure 
C D, and the dimenſions are done. 

But if the oval contains water, wood, 
&c. lo that the dimenſions cannot be'taken 
on the inſide, proceed thus : 

Meaſure a tangent line @ A b, as near a 
perpendicular to the longer diameter AB, 
as you can guels : make A b, equal Aa, 
and meaſure b c, and ad, which will be 
equal if the tangent line be rightly taken; 5 
otherwiſe it muſt be correQed till you get 


| them - 
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them equal or very nearly ſo; then con- 
tinue this line both ways till you find (by 

your. ſextant) the points F and 85 where 
| perpendiculars will fall thereon, from the 
extremities of the oval D and C: meaſure 
F G, and it will be the ſhorter diameter, 
equal CD: continue the line GD to H, 
where a perpendicular falls thereon from 
the extremity of the oval at 3 then mea- 
ſure H G, 1 it gives the greater diame- 
ter, equal A . 

Now þaving the two diameters given, 

the content will be found by multiplying 
| the greater diameter by the leſſer; the 
product multiplied by the decimal 78 54 
gives the area in ſquare chains 3 or any 
other meaſure, the dimenhons were taken 
in. 


EXAM> 
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Heving "Fe by one of the above me- 
thods) the greater diameter to be 9 chains, 
and the leſſer 5 chains 40 links, now 9 
multiplied by 5,4 makes 4,86 and this 

multiplied by, 7854 gives 3817044 ſquare 


chains for the area, or 3 acres, 3 roods, 
and 11 perch. 


The plot of this or any other oval is 
made by the 18th Prob. of Geomeuty, 
which necd not be here repeated.” 


30. Of the Segment of a CIRCLE. 


Though the practical ſurveyor ſeldom 
meets with the circle or oval; yet in al- 


moſt every days practice, he meets with 


* I Wo 7 


the 
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the ſegments of 48 or of ſome other 
curve; and as all the methods hitherto 
known for Gnding the area of ſegments 
truly, are very intricate and laborious ; „ 
few ſurveyors are prevailed on to practice 
them, but ſooner chooſe to take ſeveral 
perpendiculars from the chord line to the 
curve; and caſting up the ſpaces between 
them as parallelograms : but it is mani- 
feſt this way gives the area too ſmall, and 
the method. is very laborious. 
8 Others to ſave trouble, increaſe the . 
height of the ſegment or verſed line 2 few. 
links by gueſs, and ſo caſt it up as a trian- 
le ; but this method is very defective, 
and ought to be aboliſhed. | 
This in the year 1763 induced me to 
try if! could not find out a praclical me- | 
thod of finding the area of the ſegment of 
a circle by having only the chord of the 


ſegment, 
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ſegment, ang 1ts verſed fine, or height of 
the ſegment given: thele being the moſt 
convenient dimenſions to be taken in the 
field. „ 

My attempts proyed ſucceſsſul, and had 
they fallen into the hands of ſome of our 
great mathematicians inſtead of mine; 
would in all probability have made their 
way through all the academies in Europe | 

ere now. . 


However, I here offer to the public the 
reſult of my labours, not only for the bene- 
fit of the ſurveyors, but alſo of thoſe who 
employ them ; well knowing many errone- 
ous contents are given in, for want of ſuch 
a practical method of finding the area of 


incloſures, part of whoſe fences or boun- 
ders are curve lines. 


A NEW 
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3 


A NEW TABLE. 


For ladung the area of a Aue | 


( not. Factor. 


| ,o „66666 
,05 | ,69796 
1 „67186 
„% „67883 
- 2 „68720 
123 „69856 , 
»3 371213 
535 372785 
+ 57454 
"+45 | 76524 
. 25. 278824. 


The ue of the above 11 E. 


R D 3 E.- 


Divide the verſed hoe of the cas of 
7 circle, by the chord of the ſame ſeg- 


L 4 


* ** 


ment; 
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EN: 
ment; and Gd he quotient in the rl 


column of the table under Quot. and 
againſt it in the column marked Factor, 
you have a number, by which, if you mul- 
tiply the product of the chord by the 
verſed ſine; gives the area of the ſegment 
required. „„ | 

If the quotient cannot be found exactly 
in the table; take the factor anſwering to 
the number neareſi to the ſaid quotient; 
which will generally be ſufficiently exact 
for the purpoſe of ſurveying. 

But when more exacineſs is required, 
(as in gauging, Kc.) take out the factors 
anſwering the two neareſt numbers, one 
greater, the other leſs; and take their 
difference, and alſo the difference between 
the quotient and the . number to it 
in the firſt column: then ſay by propor- 


tion. as he difference between two quo- 


e r * 
þ 5 *, - * 1 * 
* « | Rats, % * x x 
L * 
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tients in the table, is to the difference be- 
tween their correſponding factors, ſo is the 
difference between your new found quo- 
tient, and the neareſt in the table, to a 

ſourth number: which fourth number 
muſt be added, or ſubtracted to or from 


the factor correſponding to the neareſt I 


quotient ; according as the new quotient - 
is greater or leſs than the neareſt in the 


table. 


„„ 


From Warp's Young Mathematician's 
Guide, page 410, 8th edit. Where the 
chord of the ſegment is 24,98, and the | 
verſed ſine 6; then 6 divided by 24,98 
quotes „24; and the neareſt quotient in 

the table is ,25, whoſe factor is „6985: 
then 24,98 multiplied by 6 gives 149,88 
for 
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* for the product, and this multiplied by 
the factor 6985 gives 104, 692 for the 
area of the ſegment required. ft; 
This area though found with the factor 
anſwering the neareſt quotient in the ta- 
ble, does not differ from Warp, one third 
of an unit; for the area by him is 


294:3544- 


But to find it more exact; the diff. of 
quotients in table, is (always) , 0g, and 
between the new quotient and neareſt in 
table, is ,01 ; alſo the diflerence of factors 
| for , 2 and 25 is ,01136. Then ſay, as 
og is to , oi ſo is ,01136 to , 00227; this 
| ſubtracted from the factor for ,25, Viz, 
698 56 leaves 69829 the factor for 24 
by which multiply 149,88 (the product of 
the chord by the verſed ſine) and it gives 
104.3 59 for the area with great exactneſs. 


EXAM- 
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EN RN Mr 
From e  Menſuration N 
161. 531% „ if: 
Having the ok _ __ 13 3 
fine 18 to find the area of the nn 


chord verſed ſine 
48) 18,000, 375 new quot, 
1 35 neareſt in tab. 
360 
336 „ 


240 
240 


89 © # Fr 


-factar for at is „74346 
ditto for ,35 k ,7a785 


the diff, = 501761 


ſay as ,05 3; ,025 :: „01761: 00880 
to which add the factor for, 33 = ,72785 


ſum is the factor for ,375 = 73663 


this multiplied by the product 864 
of chord by the vericd line 


294660 
441990 
| 589320 
gives the area of ſegment z 636,46560 


1 — 


Note. 
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Note. 'W1L$0N in his book of ſurveying 
tells us to multiply the chord by two 
thirds of the verſed fine, to find the area 
of the ſegment of a circle: but this rule is 
very erroneous, | unleſs the verfed fine be 
exceeding ſmall, as may be ealily proved 
by comparing it with the foregoing ex- 
amples. 


Having ſhewn the general uſe of the 
table for finding the area of the ſegments 
of circles: I ſhall * to the next 
article. 


3⁵5 To 
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29 To find. the area of incloſures or parcels of 
land, whoſe fences or bounders are ww 
Halali and . curved lines. 


Let it be required to make a ſurvey of 
ſuch an irregular incloſure, as repreſented 
by figure 19, plate 5. 
Having looked the land over 4550 ſet 
up marks at the moſt convenient places as 
A, B, C, D, & then beginning at A, 
take the angle BAD, and meafure the 
off-ſet A a, 40 links, then meaſure on in 
a right line towards B, till you come to 
the off-ſet b C, which is 4,14 chains from 
A, which enter in the middle column of 
your held book, and meaſure the off:ſet bc 
72 links, which ſet on the right Band 
againſt the 4, 14 chains, becauſe the off-ſet- 
falls to the right hand of your ſtation, or 


chain 
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chain line ; continue the chain line to d, 
8,52 chains from A, which enter in your 
| field-book, and againſt it on the right 
hand ſet „Foo, becauſe here the chain line 
touches the fence ; continue your chain 
line till you are againſt the wideſt part of 
the ſegment d B/ as ate, 11,24 chains from 
A, which enter as before directed, and 
meafure the height of the ſegment or 
verſed fide e f, ,84 links, which ſet againſt 
the foregoing number, and continue your 
chain line to B, 14,20 chains, which enter, 
and againſl it oo, and write the iſt line, 
and underneath draw a line; which fi- | 
niſhes the line AB. Then ſtanding at B, 
take the angle AB G, 917, oh, which en- 


ter in the middle column under the line 


juſt drawn, and proceed to meaſure the 


line BC, and having meaſured along 
cloſe to the bedge from B to g. 2,76 
chains, 
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chains, enter them in your book and a- 
gainſt it oo, being here cloſe to the hedge 
but going to leave it - meaſure on to &. 
6.00 chains, and meaſure the off-ſet d. 
62 links which enter againſt the 6, 00 
chains; and continue the chain line to 
C, 8,76 chains being the whole line B G, 
- which enter, and againſt it ſet 00, being 
in the corner, write 2d line, and under- 
neath draw a line. 
Take the angle B C D, 885 „300, noi 
from C towards D, to k 3,60 chains, and 
| the off-ſet k I, 1,12 chains, which being en- 
tered as before directed ; continue your 
chain line to m, 5,29 chains, meaſure the 
ofl-ſet mn 40 links; and continue your 
line to 0, 8,25 chains, meaſure the off-ſet 
0 þ, 62 links, and meaſure on your chain 
line to 9. 10,80 chains; and being here 
clofe to the hedge ſet againſt it oo, for the 
5 off-ſet, 
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offiſet, ' continue the line to D, 12,52 
chains, all which being entered, write 3d 
Take the angle C DA, 1029,,20', and 
proceed to meaſure the line D A, to 7 4,40 
chains (obſerving the directions given in 
Sect. 4th. Prob. 4*. for meaſuring by the 
pond) and meaſure the height of the ſeg- 
ment r/, 80 links, continue the line to A, 
8,80 chains which being enteted as before 
directed, and a line drawn underneath 
finiſhes the dimenfions. See how all theſe 
are entered in the following form of the 
field-book. 


If there be any conſpicuous object in the 
incloſure, at a diſtance from the chain lines 
as a barn, tree, &c. whoſe ſituation you 
would like to inſert in the plot; it may 
be eaſily dene thus; ſuppoſe the tuation 
T7 of 


ry 4 


Sxc. VII. LAND MEASURING. 161 


of the tree in fig. 19, be required, at any 
two convenient places in any of the chain 
lines, take the angle the tree makes with 
the ſaid line at thoſe points, as ſuppoſe at 
the points A and B, enter the quantity 
of theſe angles in one of the columns of 
remarks, againſt the points in the chain 
line where they were taken; theſe angles 
being protracted, (as will be ſhewn by and 
by) will give the true ſituation of the 
tree. 

Or its ſituation may alſo be had by let- 
ting fall perpendiculars from the tree, &c. 
on any two adjacent chain lines, obſerving 
at what number of chains and links they 
fall at; the interſection of theſe perpendi- 
culars when protracted will give the exact 
ſituation of the tree, or any other object. 


M | f | 3 Here 
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| Here follows the field-boak to figure 19, which 
is laid down 10 a feats Y 8 chains to an 


; 3 
$..-4 * N 
a + $ i 
: F 4&4 * — — 


Remarks, 5 Chain lines | Remarks, | 


ING, &c. and Angles off-ſets, &c. 
je A iſt - 78-10 
| TR | Faiths 
L 300, zo / ſtat. to tree] O00 40 
5 7 3 £1 ; þ 4,14 72 
| | "AH pn high. fegr. 
Ain ine 14.20 
PS 2d 5 919,05 ; 5 
4 300 100 back ſt. tr. 000 
” %% 00 
7 0,00 62 
2d line „ 15 
i £. 2d }:: 88% 36 | 
;: 200-4. 212 
5.20. 40 ” 
CV 
2d line 12,52 7 
| L 4th 102 „20ʃ 
| | 4,40 | o higt. ſegm. 
| 4th line * 
| 
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Now the content of this figure may be 
eaſily found without the help of the plot; 
but as it may be a guide to the unexpe- 
rienced ſurveyor, in caſling up the off-ſets, 

I ſhall therefore proceed to the method 
of laying down the figure firſt; and then 
ſhew how to caſt the contents of the 


lame. | 


By help of Prob. 14th. of Geom. the 
four ſtation lines are laid down thus; 
make A (from your intended ſcale) 
14,20 chains, then laying the center off 
your protractor on the point B, and the 
 filucal line to coincide with AB, (ſee the 
uſe of the protractor, Sec. 55. prick of 


from the ſaid line A B, the obſerved angle | 


at B. 9 and through this point 
draw PC; making it 8,76 chains ; then 
with 12,52 chains in your compaſſes, and 


M 2 one 


164 Tux NEW ART or Sc. VII. 


one foot in C, deſcribe an arch towards 


D, allo with 8,80 chains, and one foot on 
A. interſect the former arch at D, draw 
CD and AD, and the right lined part is 


: done. Now lay the edge of your ſcale to 


the line A B, with o, exactly on the point 
A, and the field-book lying open before 
you, with your protracting pin prick off 
4,14. 8,532, and 1 1.24 Chains reſpectively ; 
then turning your ſcale perpendicular to | 


the line AB, firſt with o, on the point 


A, prick off to the right 40 links for the 


point a, then move the ſcale to the next 


point or prick b, 4,14, and prick off the 
olt-ſet 72 links for the point c: at 8,32 


tlie ofl-ſet d is 00, therefore move the ſcale 


to the prick at e, 11.24, and prick off the 


off-ſet 84 links, and it gives the point / the 


height of the circular ſegment, join the 
points a, c, d, with right lines, and the 


ſegment 
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ſegment d / B, may be drawn chrough 
thoſe points with a ſteady hand; or you 
may draw it with a pair of compaſſes by 
Prob. 17th of Geometry, there being three 
points given, viz. 4 3% to find a center. 
Having compleated the bounder to AB, 
lay the ſcale on the 2d line B C, with o, 
on the point B, and prick off the lengths 
B g. 2,76 and B 6,00, then turning the 
ſcale perpendicular on the point h, prick 
off the oft-ſet hi 62 links, and it gives the 
point i, join Bg (in the ſtation line) gi 
and i C, with right lines, and it compleats 
the bounder to BC. Lay the ſcale on the 
line C D, and prick off 3,60, 5,20, 8,25 
and 10,80, for the points x, m. 0, 7, and at 
theſe points prick off the ſeveral off-ſets 
ti, 40. 05 ,00, and they give the 
points I. n, p, q, then join C. % „ MK 
with right lines and they compleat the 
M 3 ä 
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bounder to CD. Laſtly, lay the ſcale to 
the line D A, and prick off 4,40at r, turn 
your ſcale and prick off the height of the 
ſegment 80 links, gives the point /. then 
by help of the three points D/ A draw the 
circular bounder to D A, and the whole 
is compleated, except finding the ſituation 
of the tree at k to do which, I ſee in the 
field-book that at A, the angle the tree 
makes with the chain line is 30%, 30“, and 
the angle at B, that it makes with the ſame 
line B A, is 30% 100: therefore lay the 
center of your protractor on the point A, 
and prick off 30,,30' from the line A B; al- 
ſo with the center of the protractor on the 
point B. prick off the angle 30 10 from 
the ſame line AB: now occult lines drawn 
from A and B, through theſe points made 
by pricking of each angle, will interſect 
each other in the exact place or ſituation 
of 
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of the tree; all which will appear plain 
and a by a careful N of fig. 19. 


Now in order to find the area or content 
of the above figure. | 
1, Thie right lined part or that which 
is contained with the chain lines, is W 
had by the rule to Prob. 4th, Sect. 6th. 
Thus; the two fides including the ſe- 
cond angle 919% 05“ are 14,2 and 8,70 
chains ; therefore 8,76 multiplied by 14,2 
makes 124,392, and this multiplied by 
4999 the factor ſor 91, gives 62,183 
ſquare chains: and 12,52 multiplied by 
8,8 (being the other two ſides) makes 


110,176, and this multiplied by 4,884 the 


factor for their including angle 102, 200, 
gives 33,809 ſquare chains, which added 
to thoſe found above, Viz. 62,183 the ſum 
115,992 is the area of the right lined part. 

My 29. For 
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29. For the off-ſets on the firſt line or 
AB, firſt find the area of the parallelo- . 
gram A bc a by multiplying half the ſum 
of Aa and bc by the diſtance A b, thus 
half the ſum of 40 and 72 is „56, which 
multiplied into 4,14 gives 2,3184 the area. 
Secondly find the area of the triangle b dc, 
by multiplying half bc into the diſlance 
bd; thus the diſtance bd is equal 4, 14 
taken from 8,52 equal 4.38 (ſee the field- 
book) which multiplied by half of 72. 
viz. ,36 gives 1,5768 the area. 
Thirdly for the area of the circular ſeg- 
ment d B, which is eaſily found by the 
rule given under the uſe of my new table 
_ for finding the area of circular ſegments; 
and will be further illuſtrated by theſe ex- 
amples; thus the height /, of the ſeg- 
ment, 84 divided by dB, the chord 5, 68 
(found by ſubtracting 8,52 from 14,20 


being 
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being the diſtances where the ſegment be- 
gins and ends) quotes, 14 for quot. againſt 
which in the table is, 678, &c. the factor; 
then the chord multiplied by the height 
gives 4. 7712, and this multiplied by 678 
the factor gives 3.2 3 49 the area of tlie ſeg: 
ment. | 

No the areas of 4 tri- 
angle, and ſegment added together, gives 
the whole area of the off-ſets on the firſt 


line equal 7,1301 ſquare chains, 


30. For the area of the off-ſets on the 
ſecond line or B C, which conſtitute only 
one triangle, viz. g Ci, whoſe area is had 
by multiplying the diſtance g C equal 
6,00 by half hz equal 31 equal 1, 8600 
ſquare chains, - 


341 
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; 4e. For the area to the third line C D, 
on which there are two triangles and two 

parallelograms, viz. the triangles Cx I, 

and 90 p, the parallelograms m n, and 

nmop; now Ck 3, 60, multiplied by 

27,56 gives 2,016 its area: and ,76 the 

Z of the ſum of & l, and nm, multiplied in- 

to 1,60 the diſtance km gives 1,2160 the 

area of k[mn: and ; the ſum of m n, and 


5 o, equal , 675 multiplied by 3,0 the 


diſtance m 0, gives 2,0587z the area of 
nmop: and laſtly 9, equal 2, 35 multi- 
plied by 5 o, equal 4,75 gives 1,212 the 

area of q op. Now the ſum of theſe four 
areas added together gives 6, 5027 j the 
whole area to the third line in ſquare 


chains. 


59. The fourth ſide D A, contains the ſeg- 
ment of a circle only ; the whole chain 


line 
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line being the chord, and 7 T4 the ſegments 
height, or verſed line : now the height 
80 divided by the chord 8. 80 quotes og 
againf which, in the table of ſegments is 
67¹ the factor; then 8,8 multiplied by 
8, and the product by 67 1 gives 4.7238 
ſquare chains for the area of the ſegment 
being the area to the fourth line or D A. 

Now af the area of the right lined part 
and of the four ſides or off-ſets be added 
together, will give the area of the whole 
bgure. = | 30 


Thus che ares of right lined 115,992 - 
Off-ſets to A B 


7,130L 
Ditto to BC — 1,860 

Ditto to CD — ͤ ( 6,027 
Ditto to DA . 


whole area in ſquare Chains e 


which per table 5th is equal to 13 acres, 
2 roods, and 19 perches, for the content 
1 olf the whole figure, 


Remark. 
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Remark. 1 have given a very full and 
particular account of this figure, appre- 
hending it the beſt means of aſliſting the 
young ſurveyor i in the moſt difficult caſes, 
as he can ſcarce meet with a figure, but 
what is contained in ſome part of the 


= above. 


| Remark. 2 | may ſometimes happen 
on account of wood, water, &c. to be 


more convenient to meaſure round the 
outſide of the bounders, and in ſuch caſe, 
the area of the off-ſets (if any) muſt be 
taken from the area of the right lined 
part; in order to obtain the true area of 
the incloſed figure. 

Alſo ſometimes to meaſure only three 
right lines, forming a triangle either with- 
in or without the bounders, taking the 
off-ſets thereon as above directed. In 
eicher of theſe caſes a careful conſideration | 

7 5 of 
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of the figures to be ſurveyed, and the ſur- 


veyor's own reaſon will beſt direct which 
of the ways to proceed. 5 


Fn. 


Let fig. 20, plate 6th. be a pool, or 
large piece of water. whoſe plan and con- 
tent was required: and whoſe ſituation Was 
ſuch, that by reaſon of hills, and other 
obſtacles, its dimenſions could not be 
taken by either three or four lines. = 

Having walked round it, and: ſet up 
the whites at A, B. C, D, E, F; and got 
a pretty good idea of the figure by draw- 
ing a rough ſketch, or eye draught of it: 


concluded to meaſure it by two rapes 
ziums. 


4 


1 therefore began at A taking che angle 

B AD, and meaſured the fide AB taking 
the off-ſets, and ſctting them down as in 
the 


17 Tir NEW ART or Ste. VII. 
the ſolle wing field-book 1 took the an- 
gle C B A, and meaſured the line B C, 
taking the ofi-ſets, &c. then at C, I took 
the angles D CB, and DCA, with the 
utmoſt care, eſpecially the latter, by re- 
peating it ſeveral times, and taking a 
mean of them all. I then meaſured C D, 
and off-ſets, and at D took the angles 
ADC and E D A, repeating the former 
as mentioned before at C. And ſo pro- 
ceeded to meaſure the lines DE, E F, and 
F A, taking the angles and off: ſets as 
uſual, or as taught beſore; and being 
come to A were I began, I took the an- 
gle C A D, by the mean of ſeveral ; then 
adding the three angles CAD, DOA: 
and AD C, their ſum was 180 degrees or 
very nearly ſo, and proves the truth of 
them. And alſo the ſum of the four an- 
gles including each trapezium, made 360 
_ degrees, 
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degrees, or very nearly ſo, and proved the 


truth of them alſo: and thus the dimen- 


"= 
| ſions were finiſhed. L091 E219; 


Now follows the field-book. 


The 


176 TIE NEW ART or Sec. VII. 


. | 
The FIE LD-BOOK to Figure 20. 


Dimenſions of — 


Pool, taken May 30, 


| 1765, by B. * 
DAB T 7 7 

60 000 
00 | 130 
OO | 285 

210 | £540 

"200 |  - 360 

o © 
554 Ju” 


1405 = 1ſt line AB 


ECBA 12435 


5 % 
„ 80% #50 - 
= line B C 70 9 


* „ 
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en 93 %%% 


OO | 080 
„„ 
410% „„ 
140 O85 
aha. 975 
i 1460 
'DO: | 10 
20 . "1290 
oo 1345- 
25 1445 
I2 |. 14530 


45 | 1660 |— 3d line CD 


4 5 : ; — — — 
4.49 oe 
ES EDA | 98% % „„ 


| 45 | O00 

e 405 

1:4 $20 760 
GENT 1115 
120 1396 


30 1675 8 
oo 1800 | = iſt line DE 


FED | 1049807] {5 1 ee 


„ 427 46 
„5 200 = 
00 |. ,:,-230 = 2d line B 


* * . 3 | . 


2 * 
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APE 106, 4% 


—— 


oo | doo 
E > 

oo | 5820 

45 | 1165 

100 1560 
8 

oo | 1850 

| 2100 

! oo | 2260 

50 2460 


— 
O 


za line FA 
z DAF 490,30 


The fourth line A D, which is common 
to both the trapeziums, could not be mea- 
ſured with the chain, by reaſon of the 
water interfering between A and D, but 
ſuch as are acquainted with trigono— 
metry, will ealily calculate it. Thus, as 
the fine of angle A is to the fide CD, ſo 

is the ſine of angle C to the fide A D. 
But as many of my readers may not be 
acquainted with trigonometry, I ſhall ſhow | 


how 
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how to find the ſame ſufficiently exact by 
the ſcale. 

Firſt draw an occult line C D, (fig. 21.) 
and by help of your ſcale, make 5 D, 
equal 16,6 chains, for ſo much did C D, 


in fig. 20, meaſure, (ſee field-book) then 


to lay off the angles at C and D, proceed 
thus, look in table 4th for the angle at C, 
Viz. $37,,00\, and againſt it is 89,2 links, 
the chord of the angle of 335, to the radius 
of 1 chain or 100 links. But this radius 
being too ſmall to lay off an angle with 
any degree of exactneſs; therefore multi- 
ply it by 10, (ſee the laſt article in part the 
firſt, ſe. 6th.) then will the radius be 10 
chains, and the chord of the angle at C, 
8,92 chains: take 10 chains in the com- 
palſſes from your ſcale, and with one foot 
in C deſcribe the arch ab: and alſo with 


one foot in D, deſcribe the arc cd: then 


Nao with 


„ 
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with 8.92 in your compaſſes and one foot 
in a make an interſcction at b, 18 4 thro' b 
draw an occult line C A. Now by the 
ſame method of proceeding we have the 
chord of 68“, oo the angle at D, equal 
11,18 chains, thercfore taking this in the 
compaſſes. and with one foot in c inter- 
ſe the arc cd at d, and through 4 draw 
D d, and it will interſect the line CA in 
A. And if the line A D be meaſured by 
the ſame ſcale that CD was laid down by, 
it will be found 15,46 chains and per- 
haps as exact as if it had been actually 
mcaſurcd on the level ſurface of the 
water. ” 
Remark. If a large ſcale be made uſe of, 
the above will be found much more exact 
than the method of laying down the angles 
by che common protractor: but if you 
have a protractor that will lay down an- 


oles 
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gles to a minute, it may be ſubſtituted in- 
ſtead of the above, as being rather more 
expeditious. 

Now having bound the line AD; we 
| may proceed to find the contents without 
having any regard to a plan. For the ſide 
A B, multiplied by the {de or line A D, 
and the product multiplied by the factor 
for the including angle BCD, gives 
104,347 : and the ſide BC multiplied by 

the ide C D, multiplied by the factor for 
6 angle B GD, gives 47,216 : and their | 
ſum 1 51.7 36 is the area of the trapezium 
ABCD. Again, the fide AD, multi- 
plied by the fide D E, multiplied by the 
factor, for the angle ADE, gives 137,559: 
and the fide E F, multiplied by the 
ſide A EF. multiplied by the factor for 
the angle A F E, gives 27,040, and their 
ſum is 164.605, equal the area of the 
N 3 tra- 
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trapezium DEFA: and the ſum of both 
trapeziums gives 316,368 the whole area 
within the ſtation lines. 

And by finding the area of the ſeveral 
off-ſets (as taught in example to fig. 19, in 
this ſe.) we ſhall have 12,65 for the firſt 
line, 17 45 for the ſecond, 10,725 for the 
third, 29,35 for the fourth, 0,232 for the 
fiſth, and 5,796 for the ſixth or laſt line 
FA. And the ſum of the areas of theſe 
oſcts, viz. 60, 518 being taken from the 
whole area within the ſtation lines, leaves 
the area of the ſurface of the water equal 
to 255, 8 3 ſquare chains, or 25 acres, 2 
roods, 14 perches. „ 

Now the plot may be had by the 14th 
Prob. Geom. (as taught in fig. 19.) Or 
having laid down the triangle AC D (fig. 
20.) as directed above for fig. 21. Then 
Wich the length; of the line AB, 14.05 

| i 5 (ee 
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(ſee the field: book) i in your compaſſes, and 
one. foot in A, deſcribe an arc. towards. B. 
alſo. with 5,70 the line B C, and; one foot. 
in C, make the interſection at. B. dra 
A Band B C. and it compleats. thera- 
pezium A; C A. And for the other 
trapezium, firſt lay off the angle DAF, as 
taught above in the triangle, (g. 21.) or 
by the protractor, and draw A F, making 
it 24,6 chains, then with E F equal 2,3 
chains in your compaſſes, and one foot in 
F, deſcribe an arc towards E, and with 
D-E, 4; chains in the compaſles, and one 
foot in D make the interſection at E. 
draw F E and DE, and it compleats the 
right lined part. | 
And as forthe off-ſets, they are to be laid 
down exactly in the ſame manner as taught | 
in the laſt example (fig. 19.) and therefore 


need not be here repeated again. 


N4 „„ Woods 
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Woods which are ſo filled with trees and 
buſhes, that ſights cannot be taken within- 
fide, may be meaſured in the ſame man- 
ner by going round, endeavouring to do it 
if poſſible by four lation lines, or by three, 

as then you may always prove the truth 
of your work. 
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SECTION VII. 


| Pike. C1 [3441.3 
Shewing _ to PR ks cal WE and make the 
plot, of any number of incloſures, Juch aa 
iat par neee „n 808 

| FEW» 11 163 iam 
OR example, (1f1) let it the ——_— to 
make a ſurvey and plot, of the five in- 
cloſures repreſented in fig, 22. plate ch. 
Having walked over the land, in order 
to get an idea of che form of it, and to ſee 
where it is proper to make the ſtation 
lines: and finding two. of its fides bound- 
ed by lanes; and theſe lanes nearly 
ſtraight. I conclude to make two of the 
ſtation lines in the! lanes ; eſpecially as 
there is a wood which prevents a ſtation. 


line 
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line being made through it; and the 
other two on the inſide the incloſures. 
And that I can ſee all the ſtations from 
one to another, except thei ſecond.; which 
cannot be ſeen from the firſt, by reaſon of 
a riſing ground between them. I there- 
fore ſet up a mark or white at the gate that 
goes into the ſecond piece, by the direc - 
tions given at Prob. 3d, on the uſe of the 
chain, from whence I can ſee the tree at 
the ſecond ſtation. And having ſet up 
whites, or fixed upon marks as trees, &c. 
far the ſtation lines. I proceed to ſet up 
whites at the neceſſary corners of each in | 
cloſure. | 

Having two: aſſiſtants, one to lead the 
chain; the other to follow it. I begin at 
ſtation the firſt; Which I mark in the fleld- 
book thus ( © 1.) And havingadjuſted my 
ſextant, I take-the angle, by bringing the 


image 


9 
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image of the White or mark at the fourth 
ſtation, to coincide with: the White ſet-up 
| between the firft and feeond ſtations; and 
find it 103% 20% which having entered im 
the field book; I proceed to meaſtire the 
fili ſtation line; and find dt o, 23 chains; 
| enter the fiſt inclofute, and tbes-off. fer 
on the left hand to the corner is 20 links. 
Having meaſured two chains o dake the 
angles that the firſt corner iof thè wood 
makes, with the (unmeaſured part of the) 
tation line; and alſo the further corner of 
this piece, and find them 455, 00, and 
33, 25“ reſpectively, ſee the field · book. 
At 4.68 chains Oy an off. ſet of 40 links, 
and at 7,20 chains we enter the ſecond 
field, thro' at gate, an off-ſet of 360 links 
on che left to the corner. And here IL 
took the angle that the hedge (between 
the fit and ſecond. field) 306 kts with that 
| part 


188 Tur NEW ART or Sec. VIII. 
part, of the, ation line we have to mea- 
{ure ; and find it 922,,00', which I enter 
in the field-book, on the right hand of the 
column of chains: . becauſe the angle was 
meaſured on the right þand of the chain 
line; and to which Ladd this remark, 
viz. hed, to ſt. The meaning of which is, 
that the image of the hedge, or the white 
at the corner of the Wood, is brought to 
coincide with the mark or tree at the ſe- 
cond ſtation. $7 | 
And here it may be proper to obſerve, 
that if a hedge, a corner, &c. be brought 
to coincide with the ſtation I have juſt 
left ; I make this remark in the field-book, 
viz. hk. to b. J. which means hedge to back 
Ration, or angle contained between the 
hedge and that part of the ſtation line we 
have juſt meaſured, Likewiſe if the ſta- 
tion mark is brought to coincide with an 
. hedge, 
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hedge, a corner, or other object. 1 write in 
the field: booł A. to h. Or b. * to h. Kc. 
1 heſe abreviations will be found very uſe- 
| fal and eaſy. „ l 51 + 
Having meaſured e's 34% a there is 
an off-ſet of 20 links to the left; and here 
I take the angle that the fecond corner of 
the wood makes with the "ſation line, 
which I enter on the right hand thus, 
(£199,,20/. 2d. cor. wd. to ſt.) ſee the field- | 
book. This being entered in the field- 
book, I meaſure on, and at 15,82 chains 
1 find an off-ſet on the left, of 1,35 chains. 
And here by way of proof I take the angle 
that' the firſt corner of the wood makes 
with the back part of the lation line, and 
find it 29%,,23', which I enter in the field- 

book thus L 29, 20. b. ſt. to 1fl. cor. d. 
At 16,34 chains I find we are in a line 

with the wood hedge, that goes from the 


{ſecond 


FR 
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ſecond corner ſtraight down to the wood 
lane, I alſo take the angle this, line or 
hedge makes with the ſtation line, and 
find it 69%,,00'. At 19,92 chains I find 
a perpendicular falls from the left hand 
corner of this ſecond piece, Which mea- 
ſures 4,32 chains. But in meaſuring this 
perpendicular, at 1,12 chains from the 
chain line, I find a perpendicular on the 
right hand, to the corner of the third 
piece. Now as this is a perpendicular 
taken upon a perpendicular, I; make a 


ſhort- column on the left hand, in the field- 


- 4 


book, as the corner being on that ſide the 
_chain line (lee the feld-book) in which I 
enter 1,12 and againſt it on che right 
hand per. cor. a pit, and underneath in 
the ſame column I enter 4,32 the whole 
length of the, perpendicular; and alfo I 

enter this on the left hand againſt 1 9:92 
the 


Sec. VII. LAND MEASURING. 19 


the number of chains at Which it fel], 
with an aſteriſm to ſhew they both repre- 
ſent the ſame perpendicular. or ofl· ſet at 


the leſt hand corner of the ſecond piece. 


At 20000 we enter the third piece through 
an hedge, and here I take the angle that 


the back part of the ſtation line, makes 


with the hedge I am going through: 
which I enter in the field-book thus. 
2 31%, 50 b. ſt. to hedge: At 21,68 
chains is a perpendicular on the left. to 
the corner of this third piece; but could 


not be meaſured conveniently, by reaſon 


of a pit. At 22.30 is my ſecond ſtation; 
I therefore' enter the 22,3 chains in the 
field-book, and againſt it on one ſide I 


write iſt line; then having drawn a line 


acroſs the chain column finiſhes the field · 


book for the firſt line. 


I now 


17 YA 


8 


/ 
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I now Renter (O 2.) for my ſecond ſta- 


tion, and againſt it I write, in third piece. 


T then take the angle contain'd between 
the firſt and ſecond ſtation lines; and 


having Prred the ſame, (ſee the field- 


Proceed to meaſure the ſecond 


line. And at 0,00 that is at my ſecond 


ſtation, there falls a perpendicular from 
the right hand corner of this piece. And 


as this line contains nothing more than 


common off-ſets, I ſhall take no farther 


notice but refer to the field-book. 


- 


Being come to the third ſtation, I enter 
it in the field-book, and againſt it I write 
in lane. I then take the angle contained 


between the ſecond and third ſtation lines, 


and having entered it, I Proceed to mea- 


ſure the third ſtation line: And at o, oo 
is an off-ſet on the left of 853 links for the 


breadth of the lane. At 3, 40 chains is a. 


gate 


| 
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gate into the third piece; at 5,80 we are 
azainſt the third corner of the wood, and 
the off-ſet to the corner is 14 links, alſo 
the ofi-ſet to the other ſide the lane is 22 
links. At 20,05 chains is a gate into the 
wood, and at 20,44 chains we are againſt 
the fourth corner of the wood, the off ſet 
to the corner is 11 links. At 29,00 chains 
we are cloſe to the left hand ſide of the 
lane, andat 29,70 is an off-ſet of 60 links 
on the right hand to the corner of the 
fifth piece, and another on the left, to 
the corners of the lanes of ſeven links. 
At 30,20 chains we come to the fourth 
lation. . 
Here I take the angle, and then mea- 
ſure the ſtation line, and find at 0,80 
chains an ofi-ſet of 10 links to the corner 
of the fifth piece, which is a little round, 
which I remark in the field-book, and 
| O at 
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at 4,90 chains i is an off-ſet of 8 links to the 
corners of the croſs hedge between the 
fifth and firſt pieces, which hedge bends 
in the form of an —. which I mark in 
the feld- book, ſhewing the way it bends, 
xc. and thus may the form of any inter- 
mediate irregular hedge be ſketched in the 
field-book, and plotted ſufficiently near 
the truth, when the lands on each ſide be- 
long to the ſame perſon ; otherwiſe it muſt 
be meaſured and the off-ſets taken 
(bereon.) 

At 11,00 chains is an off-ſet on the 
right hand of 20 links, and on the leſt to 
the other {ide the lane of 45 links. At 
13,60 chains we come to the firſt ſtation 
again, and the dimenſions are finiſhed ; 
fee the field-baok which now follows. 
But before I leave the ſpot, I add the 
four angles together, and if they make 

- : . 360? or 
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360⁰ „ or very nearly ſo, I conclude they 
are rightly taken. 'And the chain lines 
will be proved i in the plotting. 

I allo obſerve the bearing or ſituation 
of the land, in reſpect of north and ſouth, 
which may be known near enough by the 
time of day and ſituation of the ſun. Thus 
at twelve o'clock, 1 obſerve (being at ſta- 
tion firſt) the fourth ſtation line makes an 
angle with an object at a diſtance, and 
perpendicularly (or nearly ſo) under the 
ſun, of 28 degrees, which I enter in the 
field-book. I alſo note the names of the 


owners of the adjacent land, &c. 


O 2 1 The 
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FIELD BO OK t to Figure 22. 


 Dimenſio ons, 3 er. of part of an 
Eſtate belonging to T. B. of L. Eſq; in the 
Pariſh of C. taken April, 1770. 


 Off-ſets & remarks 


to corner 20 


to corner 36 


13 3 


, 12 per. cor. apit. 


| 94,32 5 
4,32 
thro? hedge 


Per. cor. a pit. 


* 


| Of-fets & rcmarks 


In the lane 


thro? gate & hedge 

£ 48:00, iſt. c. 
wd. ro ſt. 1 

33% co, 
crols h. to ſt. 


thro. gate a hedge 
* 9285 00 h. to ſt. 
2 19, 20 2d. cor. 
wd, to it, 
0 25 b. ft. to 
1ſt cor. wd. 
in line wood hedge 
tot. 


. 410, 50 b. ſt to 
hedge 


iſt line. 


— 


WY Y 4 * 
* 3 


a ; . 
x * 
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2 


10 
27 
to corner 10 


F © 
85 


22 


. - OO 
to cor, lanes O7 


45| 


| 


In 3d piece 


Per. to cor. this 


2d line 


In lane 


00 


a gate into 3d piece 
14 againſt 3d cor. wd. 
a gate into wood 

11 to 4th cor. wood 


60 to cor. 5th piece 
3d hne 


In lane. 


| ro to cor. ronnd 
| 08 againſt crols h, 
re Hh 


% 


20 | 
4th line. 
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Iſt £ 1039, 20 | 
20-4. | 110,,20 
3d £ 69,,40 


4. .; 70,,40 . 
Sum of four angles 360, 00 a proof of being right 


. 4th ſtation line 289, % mk. wh. 12 ack. ſun. W. 


North ſide againſt firſt piece Mr. 8's Land. 
North and Eaſt to © 3, Mr. B's Land. 
The other ſides bounded by lanes. 


End of the FIELD-BOook. 


NOW the whole content of this is 
eaſily obtained from the field-book, with- 
out having any regard to a plot, in the 
very fame manner as was the fingle inclo- 
ſure, fig. 19, (ſee Art. 35. Sect. 7th.) But 
in large parcels of land, it is fafer to lay 
down the plot firſt, in order to diſcover 


whether or not any error has been com- 
mitted 


Sc. VIII. LAND- MEASURING. * 


mitted in the chain lines, that (if any) they 


may be corrected before we proceed to 


find the contents: and alſo for a guide in 
caſting up the off - ſets, as obſerved before 
in the above-mentioned article. . 
ſm ſhall therefore proceed next to lay 
down the plot (ſee Fig. 22.) by a ſcale of 
$ chains in an inch, (as ſuch a ſcale will 
bring it within compals, without folding, 
| for folding plates are ſoon worn out, ) but 
would adviſe the young ſurveyor to plot it 
by ſcales of 4, and 2 chains in an inch, 
by way of praclice. 
To plot the foregoing (or any other 
like large) dimenſions, it will be beſt to 
lay down the longeſt line firſt, That is, 1 
draw an occult line to repreſent the third 
ſation line, and make it equal 30, 20 
chains. I then lay off the angle at the 
third ſtation, viz. 69,,40', which if done 
04 “ 
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by table the 4th of chords, and an half-inch 
diagonal ſcale; the angle may be laid 
down to 5 minutes. And if an inch ſcale 
be uſed the angle may be laid down to 
2 minutes; by obſerving the rules al- 
i ready given on the uſe of that table. See 
the example to Fig. 21. If the angle to 
be laid down be more than go degrees, it 
vill be beſt to lay it down at twice, eſpe- 
cially when great exacineſs is required. 

Note, The half-inch ſcale is equivalent 
to a protractor of 10 inches diameter, and 
the inch ſcale to 20 inches diameter. 

I have been more particular about lay 
ing down this angle; becauſe the proof 
of the chain lines have a dependance on 
it. As a ſwall error from a ſmall pro- 
tractor, will be increaſed into a great one, : 
at the length of the ſation lines eſpe- 
cially when they are go, 40, or 50 chains 


(or 
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(or more) long. Having laid down the 
angle and made the ſecond ſtation line of 
its proper length, viz. 14,21 chains Itake 
the length of the fourth ſtation line in the 
compaſſes, and with one ſoot in U 4th T 
deſcribe a ſmall arc towards Q 1ſt,, and 
with the length of the firſt Nation line 22,3 
chains. and one foot in U ad. 1 make an 
Interſection at N 1ſt, between which pointy 
I draw the ſtation lines. 

Now I meafure the four angles of the 
plot, either as above or with the protrac- 
tor; and find them nearly the ſame as 
taken in the field; which is a certain 
proof of the ſtation lines being truly mea- 
ſured, and entered in the field- book. For 
a miſtake of a chain, &c. in any of the 
lation lines, would vary ſome of the an- 
gles ſeveral degrees, and in ſuch caſe it 


wil 
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will be neceſſary to remeafure the lines 
till che miſtake is diſcovered. 
Having laid down the four flation lines 
and proved them, I proceed to lay down 
the off-ſets, and other remarks, by laying 
the edge of the plotting-fcale along the 
firſt ſtation line, with ©, on d iſt, and 
with the protracting pin, I prick off the 
feveral flationary diſtances as they ftand 
in the field-book. Then turning the 
| feale perpendicular to the ſtation line, and 
with o on each flationary diſtance prick 
off the ſeveral off-ſets joining their extre- 
mities with a black lead pencil for the 
bounders on that fide. I then lay down 
the ſeveral angles, by laying the center of 
the protractor to the ſeveral ſtationary diſ- 
tances they were taken at, and the dia- 
meter along the flation line, with the 
limb to the right; 1 prick off the ſaid an- 
. . gles, 
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gles, drawing occult lines; the interſec- | 


tion of which, will give the points that 


thoſe angles were taken to repreſent. | 
For if the angle at the fecond and 

fourth ſtationary , diſtances, be thus laid 
down, their interfections will give the: firſt 
corner of the wood, and the corners of the 
1ft and 5th pieces, and by joining theſe 
points, viz. the fourth ſtationary diſtance, 
and the points of interſeQion, with a black 


lead pencil, gives the repreſentation of 
the fence between the 1ſt and 2d pieces, 
and alſo part of the wood fenge. 

Note, It is beſt to draw the lines repre- 
ſenting the bounders or fences, firſt with 
a black lead pencil; as then any ſmall 
miſtake committed in drawing thoſe lines, 
may ealily be corrected in drawing them 


over again with ink. 


The 
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The center of the protractor being laid 
to the ſixth ſtationary diſtance, and the 
angle be pricked off, that the back ſtation 
made with the firſt corner of the wood, an 
occult line being drawn through the an- 
gular point will cut the former interſec- 


tions of the firſt corner of the wood if the 5 
work has been rightly performed, and 1s a 


kind of check or proof of the work; and 
may be often uſed to advantage in this 
method of ſurveying. | 
'The angles at the zth and 7th daticmary 
diſtances being laid off, their interſections 
give the ſecond corner of the wood ; and 
the angles at the 7th and gth ſtationary 
diſtances, give the firſt corner of the 3d 


Piece, and in order to find the ſecond cor- 


ner of it, I lay o of the plotting-ſcale to 
the 8th ſtationary diſtance, with its edge 
along the ofl-ſet line, and at 1,12 chains 


make 


$xc. VIII. LAND MEASURING. 203 
make a prick, then turning the ſcale per- 
pendicular to the off. ſet line, draw from 
the ſaid prick a ſhort occult line by the 
edge of the ſcale to the right hand; then 
lay the ſcale to the 1oth ſtationary diſ- 
| tance, and perpendicular to the ſtation 
line, and by the edge of it draw an occult 
line 30 the leſt, and it will interſect the 
former in the ſecond corner: where the. 
pit prevented meaſuring to it. 

Now having laid down the dimenſions. 
of the firſt ſtation line; 1 ſhould proceed 
to lay down thoſe of the ſecond ; but as 
that differs nothing ſrom the ſide of a ſin- 
gle incloſure, I ſhall refer the young ſur- 
veyor to the field-book and plot; and 
Proceed to lay down thoſe of the third ſta- 
tion line, — 
Buy help of the ſcale lk field-book lying 
open before me) I | off the ſeveral ſta- 

tionary 
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tionary diſtances, as has been already 
taught; then turning the ſcale perpendi- 


_ cular to the ſtation line I prick off the off. 


ſets, and mark the places for the gates, &c. 
I then draw a line from the 3d ſtation to 
the 3d corner of the wood, and from 
thence to the 2d corner of the wood, con- 
tinuing it to the iſt corner of the gd piece, 
and alſo from thence to the 2d corner, 


making there the repreſentation of the 


Pit. 


I then continue on the wood fence from 
the 3d corner to the 4th, and from thence 
to the corners of the 5th and 1| pieces, * 
alſo draw a line from the iſt to the 2d cor- 
ner of the wood; making them all ſtraight 


lines, as the fences they repreſent are ſuch, 


or very nearly ſo. I then continue on 
the fence from-the wood to the corner of 
the 3th piece, by © 4th, And in the 
„„ — ſame 
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ſame manner lay down the off-ſets on the 
4th ſtation, joining their points, &c. and 
I alſo draw the wave line to repreſent the 
fence between the iſt and 3th pieces; and 
by help of the off-ſets, the fences on the 
other tides of the, lanes are drawn, and 
the rough plot guifbed:. 5 

I ſhall now firſt find the content of a 
whole from the foregoing dimenſions ; and 
then find the content of each ſeparate 
piece by the ſcale; and if the ſum of the 
contents of the latter be equal to the for- 
mer, I conclude all is right. But if I find 
2 conſiderable difference, I examine them 
both over again. I alſo meaſure the part 
within the four ſtation lines with the ſcale, 
by taking the diagonal and perpendicu- 
lars; and it will diſcover if any material 
error is committed in caſting up the ſides 
and angles. And if after all this exami- 
nation: 
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nation and correQion, the ſum of the ſe- 
| parate pieces ſhould differ from the con- 
tent, found by the firſt correct method ny 
as they generally will ſome ſmall matter 
by reaſon we cannot be ſo exact with the 
ſcale; I reduce them to that. 
By ſaying (by the Rule of Three) as PR 
ful of the contents by the ſcale, is to the 
| whole true content, ſo is the content of 
each ſeparate piece by the ſcale, to the 
true content thereof. Or which is better, 
take the difference in perches between the 
true content, and that found by the ſcale; 
and fay as the true content 1s to this dif- 
ference, ſo is the content of each piece by 
the ſcale to a fourth number of perches; 
which are to be added to or ſubtracted 
from ſuch field, according as the ſum of 
the contents by the ſcale was leſs, or more 
than che true content. And thus the true 


: content 


_£Þ 


I, 
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content of each piece will be had, and 
their ſum exactly agree with the firſt true 
content. 

And firft for the part within the lation 
lines; now 22,3 the 1ſt ſtation line mul- 
tiplied by 14,2, the 2d gives 316,66; and 
this multiplied by 4688. the factor for the 
including angle, gives 148, 45 the area of 
the firſt part. And 30, 2 the 3d line mul- | 


tiplied by 13,6 the 4th line gives 410,72 


and this multiplied by ,4865 the factor, 
gives 199,8 1 the area of the ſecond part, 
and their ſum is 348, 205 the area within 
the ſtation lines. 
And the area of the off-ſets on the firſt 
ſation line is 24,572; on the ſecond | 
4,888 and their ſumis 29,46 to be added: 
allo 5,673 and 1,867 are the areas on the 


za and 4th lines, and are to be ſubtracted, 


being on che outſide the bounds of the 
P land 
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land, as may be ſeen by the plot (fig. 22), 
therefore from the ſum of the two firſt 
29,46 take the ſum of the two laſt, VIZ, 
7. 54 and the remainder 21,92 only, muſt 
be added to the area Within the flation 


lines, and we have the whole area equal 


370, 185 ſquare chains, or 37 acres, 


o roods, 0g perches. 
Next the area of each ſeparate incloſure 
is found by meaſuring them by the ſame 


ſcale they were laid down with, having 


firſt (if necellary) reduced them by Prob. 


20th. of Geom. to trapeziums, or ſtraight- 


ened their ſides; as will be more particu- 


larly explained by and by. Then meaſur- 
ing the diagonals and perpendiculars, 


their contents will be found as follows, 


the firſt, 6 acres, 2 roods, 03 perches ; 


the ſecond, 6 acres, 1 rood, go perches ; 
the third, 7 acres, 3 roods, 17 perches ; 
1” the 


I 
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the fourth, 11 acres, 3 roods, 10 perches; 


and the fifth, 4 acres, 1 rood, og perches: 


their ſum 36 acres, 3 roods, 29 perches, 


which is leſs than the firſt content 37 acres, 


o roods, og perches, by 14 perches. Then 
ſay by the rule of three, as 37 acres: 14 


 perches, : : 62 (content of iſt piece): 24 


perches, to be added to the content of the 


1ſt piece, and ſo of the reſt. Note, This 


proportion is moſt eaſily and expeditiouſ- 
ly wrought by the fliding rule: by ſet- 


ting 14 on the ſlider {which call perches) 
to 37 on the rule (which call acres) then 


againſt 64 acres on the rule, is 21 perches 
on the ſlider for the anſwer; and without 


altering the ſlide, you have the number of 


perches anſwering to any number of acres 


by inſpection. Thus againſt 6 acres, 1 


r00d, 30 perches, the ad piece or 6; acres. 


| nearly, on the rule, is 25 perches as be- 


P 2 fore 
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fore on the ſlider. And againſt yt acres, 
on the rule (the content of the 3d piece) | 
is 3 perches on the ſlider. Alſo againſt 
117 Acres is # perches, for the 4th piece. 
And againſt 4 + acres is 1+ perches for the 
5th piece. Theſe numbers being added 
to their reſpective pieces, their contents 
will ſland thus, 6 acres, 2 roods, 53 
perches for the firſt; 6 acres, 1 rood, 323 
perches, for the ſecond; 7 acres, 3 roods, 
20 perches, for the third; 11 acres, 3 
rood, 14 perches, the fourth; and 4 
acres, 1 rood, 104 perches, for the fifth 
pieces; and their ſum 37 acres, 0 roods, 
03 perches, agreeing exactly with the con- 
tents found by the firſt method. 


I ſhall conclude this example with a 
geometrical method of finding a mean 
oli-ſet or perpendicular, by which and the 

5 baſe 
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baſe or ſtation line, the content of the 


| off-ſets (on the ſaid ſtation line) may be 


| found at one multiplication. 
Suppoſe for example it is required to 
find a mean off-ſet to the firſt ſtation line: 
In order to make this more plain, I have 
added fig. 23 from a larger ſcale, viz. of 
4 chains to an inch; then having laid 
down the off-ſets and drawn the bounders | 
as before directed; proceed thus (by Prob, 
20, of Geom.) lay a parallel ruler from a 
(Gig. 23) to the next bend but one, viz. to 
c, then move it up to b, and where the 
edge of the ruler cuts the line a B, (pro- 
duced if neceſſary) make a mark as at h; 
lay the ruler to kh and d, and move it up 
to c, and it will cut the line a Bin i lay 
the ruler from i to e, and move it up to d, 
and it will cut a B in x; lay the ruler to 
k and , and move it up to e, and it will 


4 4 — 
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cut a B in ]; lay the ruler to! and g, and 
move it to /, and it will cut the line a B 
in n; laſtly draw the line gm; ſo ſhall 
the irregular fide abcdefg be reduced 
to one right line gm; and this is the me- 
thod of ſtraightening the ſides of incloſures, 
when their contents are to be found by 
the ſcale as mentioned before. Now the 
line gen, being drawn, there is formed 
the right lined triangle Bg m, equal in 
area to the irregular figure abcdefgÞB; 
therefore meaſuring the perpendicular 
falling from m on the baſe B g by the ſcale, 
it will be found 2,22 chains the mean off- 
ſet. Allo g being the place where we en- 
ter the incloſures, VIZ. at 0.2 F chains, 
which taken from the whole flation line 
leaves g B the baſe equal 22,07 chains, 
and this multiplied by half the perpendi- 
_ cular or mean off. ſet 1,11 chains gives 


4 


a 


Art; 22 era 214. 
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24,4977 ſquare chains for the content of 

the oll-ſets; and very near the ſame as 

found before by the other method; differ- 
ing only by one perch. | 

-- "iy may not be improper to obſerve here, 


that as the baſe is given from actual mea- 
ſure, and only the perpendicular that is 
taken by the ſcale; the contents may in 


general be found with ſufficient accuracy, 
and a great deal of trouble faved. And 
when the utmoſt exactneſs is required ; 
this will be found of great ule in proving 
the truth of the other way. 


Remark. 1 have been informed that in 


ſuch caſes as the above; ſome ſurveyors 


make a practice of adding the ſeveral off- 
ſets together, and dividing their ſum by 


the number of them that was taken ; and 
the quotient they call the mean off-ſet ; 


„ by 


—— 
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by which and the baſe (or ſtation lines) 
they find the whole content at one opera- 
tion as above. 
What foundation they may have for 
this praQice, will beſt appear by working 
the above example over again by this me- 
thod ; ſee the work. 


No. Off. 
Iſt. 0,20 
2d . 0,40 

3 o, 36 
4 0,20 
5 1,33 
6 432 


——— rs 


| 6) 6,81 ( 1,13 mean off ſet 


Here the mean off-ſet is only two links 
more than half what it ought to be; and 
| conſe- : 
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conſequently the area or-content will be 
little more than half what it ought to be. 
Therefore this plainly ſhews that this me- 
thod has no place (or at leaſt ought to 
haye none) either in the theory or ben 
of land Iurveying- 

Indeed it may ſometimes happen to 
give the mean off-ſet pretty near the 
truth; and at others to give it double 
what it ought to be, ſo there is no cer- 
tainty; and therefore it ought abſolutely 
to be kicked out of the practice of land 
meaſuring ; and the geometrical method 
ſubſtituted in its place; which is perfectly 
true in theory, and very nearly ſo in prac- 
tice; and performed with as much eaſe 
as the above falſe method. 
Note. If a parallel ruler be not at hand; 
it may be performed with your plotting 
ſcale and a pair of compaſſes, with the 


ſame 


218 Tu NEW ART or Szc. VIII. 
ſame eaſe, exactneſs, and expedition; and 
which I prefer to the parallel rule. 
Then firſt lay your ſcale to the points a 
and c, (ſee fig. 23.) then take in your com- 
paſſes the neareſt diſtance from ö to the 
edge of your ſcale; and with this diſtance 
let one point of the compaſſes move gen- 
ty cloſe to the edge of the ſcale, while the 
other traces out a line parallel to it, and 
cuts the line a B in k; then lay the ſcale 
to hand d, and take the diſtance of c, 
from the ſcale, and it will cut a B in i. 


In the ſame manner proceed with the 


reſt. 


E X A M F b . 


If the foregoing example be properly 
attended to, it will be found to qualify the : 
young 
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young ſurveyor ſo far, that he can ſcarce 
be at a loſs in the moſt difficult caſe; yet 
as examples conduce much more to the 
improvement of youth than precepts; is 
the reaſon of my adding this ſecond ex- 
ample. And as it is a near copy of a ſmall 
tenement or farm, given in WII p's Practical 
Surveyor (a book, which I ſuppoſe moſt 
| ſurveyors are acquainted with) chap. zth. 
fect. 1ſt. fig. 41. It will give a compara- 
tive view, and ſhew the advantage of this 
my new method above that. In ſurveying 
this little farm according to the method in 
that book ; there are no leſs than twenty- 
three ſtation lines, and conſequently as 
many angles depending one upon ano- 
ther ; conſequently on the accuracy of 
theſe angles depend the whole work. For 
if the ſtation lines are meaſured ever ſo 
exact, if the angles are not ſo likewiſe, the 3 
8 plot 
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plot will not cloſe (as we have before ob. 
terved) and conſequently, neither the plot 
nor content can be given true. 

But according to my method this farm 
may be meaſured by four ſtation lines on- 
ly; for beginning at F, and meaſuring 
the ſlation lines FC, CD, DE, and E F, 

taking the off-fets, &c. as directed in the 
former example, (ſee fig. 24. plate 8.) and 
conſequently from theſe four ſtation lines 
with their off-ſets, and four angles ; ; the 
whole content and bounding lines of this 
farm are obtained; without the leaſt fear 


or doubt of its cloſing, and wich the ut» 
moſt truth. — 

In meaſuring large farms, manors, &c. 

it is requiſite to divide or parcel them out 
into ſmaller parts, as may ſeem moſt con- 

venient: then meaſuring theſe parts one 
aſter another till the whole is compleated. 
Always 
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Always obſerving to take in as much as 
conveniently can be at each round joining 
them together, by making one of the four 
ſides of the firſt round, the firſt fide of the 
ſecond round or parcel: and one fide of 
the ſecond round, the firſt ſide of the third 
round, &c. And thus will the whole be 
connected together. And if proper care 
be taken in meaſuring the lines and an- 
gles; not only the plot, but the content 
of the whole will be had with the utmoſt 
exactneſs and truth. 

But in order to make this ſlill more 
plain and eaſy ; I have added the follow- 
ing dimenſions of this little farm (ſee fig. 


24.) ſuppoſed to be meaſured in two 
parts; beginning at A q 1, and meaſur- 
ing to B = 2, and ſo on to Cg 3, D 4. 
and to Ai, again; which compleats 
the firſt round. (See the field - book for the 


dimers 
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| dimenſions) Then from A © 1, to 
E U z, F926, and B 2, which com- 
leats the ſecond round. 
But as the line E F, lies at a conſidera- 
ble diſtance from the river, and muſt have 
many off- ſets taken thereon: it will be 
better to. take only the off-ſets between E 
and H, to this line. Then meaſuring 
F I. and G H, taking the off-ſets on theſe 
lines, to the river; will compleat the di- 
menſions as in the following field-book. 


FIE I. D- 
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FIELD-BOOK to Fig. 24. 


1 ö 
2 84%300 
2,26 2, 18 to lane. + 422 | 
over lane 
5,32 |1,70to do. + 40 to c. 
T. Leas 
| H. CL 
_ | 8$8,70 ſthro' into lane 
30 | 9,55 0 to cor, orch. 
9,85 260f. cor. do 79 +5 
11,20 20 to cor fold. 60 to 
5 ſtab. leng. ſt. 1 
Gate 30 11,75 20to gt. 140to front : 
houſe leng. h. 80 9 
12,08 20 to cor. barn 110 
length 
12, 30 20 to 2d cor. do. 
12, 90 per. to fur. cor. calves 
| croft, 
13,05 |25 to cor. calves croft 
Pr. c. Cowp: Stockin. 
Canet 4 14 5 


14,25 


chro? into ſtockin 


* —— — — —— — ——— — — 


£ 


* 
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0436 p. 10,20 
| 310 ſp. cor. cal. c. 
470 |thro' in home c. 
1 | 2 896 
ate 40089 = - 
p | ®1020|to cor. h. cl. hd. 
lit. round to crab cloſe _ 
e 28855,30 bend 1 to ſt. 
g -—--14 34 6 £59 9,920! bend 2 to ſt. 
- bdth. lane 60 to J. 120 | 19,50 
| | - 21,85 ſt line. 
L | 94%,,49' |< 519,,30' bend 1 to ſt. 
15 1 ono. 42320 „40“ bend 2 to ſt, 
3532 35. &11 SIO! bend 3 
| £0 K. 
5 ſtock | 
6,65 27 to NT out wood 
6,85 per. to bend 3. 
| 15595 jv 
| 15,95 |thro into com. 2 to 
e er 
17,32 100 
| 18,65 2d line 
"10. 
- 799,,50/ 
1,90 60 round 
4,70 00 
10,40 635 
6 12,55 30 
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| | doutwood 
| 14:40 | 35 0 cr. 
14,40 . 86 oo wd. h. to ſt, 
15,55 = 
17,95 
: 19,00 te into Charlton Fd. 
19,20 |68 
20,45 0% 
21,92 |3d line 
7 5 2 4. 
< 101,00 
al 300 ſthro' into crab cloſe 
g 1449, 30/ cor. Turf. 
| 1: 1,810 ſt. | 
F 560, 0 bend 4 to ſt. 
95 5450 | 
6,90 per. cor. outwood h. 
04 1 Ha | 
5 8,60 27555700 b. ſt, to b. 4. 
00 8,60 [thro' into Turf. Leaſe. 
$2 13,00 z 469,,25' b. ft. to cor. 
this 
to cor. 45 | 13,68 ſthro' into lane. 
| I 14,70 into cow-paſture 
to cor, 32 | 14,90 
1 60 16, 52 the 4th line 


—— 
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Begin again at On. ffor ad round. 
q < 95% 300 PE | 1 
i 233 
o 8, 30 iſt line to river. 


8, 70 ſto furth. fide river. 


| 
© OD 
„„ T7 32 Fo 
to river — 0 2,35 ftkro' into mag. mead, 
| 2,35 [53% 30“ bend 5 to ſt. 
350 1 a 


Per. to H. 2,90 5.12 429, o0/ bend 6 tot. 
„„ 80 50 5. J. to b. 5. 
8,60. per. gate into cow- 


| paſture. 
- 14,86 468 toc this * +2" 
7 14,86 2 398, 307 b. ſt. to b 6, 1 
| 16,00 120 
Ta 16,10 |thro* into Garr. field 
to river oo 20, 10 
to river 140 | 21,92. . |2d line 
E 3 
< | 882,,05 44% 100. 12 o'clock fun 
to river 1,30 | 0,32 [and meeting of hedge. 


to hedge 32 4,09 


4 
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to Corner 


to river 


to do. 


506,88 „ 

12 0,55 |thro' into lane 

oo | 10,00 ſthro' into ſtockin, 

10,83 3d line, to A 2, 

< 859% 20/ ends the 2d round, 
At 0 6. an off-ſet to river at J. 
< | 53%,,30/ 1 
70 | 1,00 84 to river 

45 1,60 80 to river 

2,50 |to the river at J. 
. 


From G to H an Off. ſet. 


| 2,35 £ 1, 33 tO river 
3455 flo _. | 5 
' 4,00 ſchro' into Mag. Mead. 
— 112 COrner | 
5,20 1,35 
| ] +40 20 
* 
| 11,65 | oo Bridge 
| 14620 1 14 . 
%%% | 08 W129 2 
nh, < $45,290 iſt, < 95% 307 
2. 4 94540 2. < 61,00 
3. < 79,50 3. < 88,05 
4. < 101,0 4. < 85, 20 


360,00 


359553 
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The adjoining lands are, north ſide 
JohN CLEMSON's on the eaſt ſide the road, 
and WILLIAM GREEN'S on the weſt ſide the 
road. Eaſt ſide is Charlton Common; ſouth 


ſide is Charlton Field; welt ſide 1s Henry 
BRANSTON's land. | 


And thus ends the FiELD-BooOk. 


| Now to make the plot. 

Having a large ſheet of cartridge paper 
(which is beſt for drawing the rough maps 
on, and if one ſheet is not large enough, 
paſte more to it with paſte) draw the 
line A B making it 21,85 chains, from 
the half-inch ſcale ; which I adviſe the 
young ſurveyor always to uſe in laying 
down the rough plan. Then lay off the 

angle at B, by help of the ſcale and table 
of chords, making it 945,, 40, draw B C 
| — 0 
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of its juſt length; and with C D and AD 
find the point D (by Prob. 14. Geom.) 
draw CD and DA, and the ſtation lines 
to the firſt round are done. | 
Lay off the angle BAE g,, 30. which 
the line AE makes with AB, and draw 
A E of its juſt length; then with E F and 
BF find the point F, and draw EF and 
B F, which compleats the Ration lines to 
the ſecond round. And in che ſame man- 
ner may any number of rounds be laid 
down. | + 
And as for the off-ſets and other remarks 
they are to be laid down as they occur on 
each ſtation line ; juſt in the ſame man- 
ner as in the foregoing example; and 
therefore need not be here repeated. Eſpe- | 
cially as the field-book compared with | 
fig. 24, will better direct the ſurveyor, 


than a multitude of verbal explanations. 


Q 3 can. 
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Kan. Score ſhall leave that for the 


exerciſe and practice of the young ſur- 


veyor. 3 


The content is a6 found in the ſame 
manner as directed for the former exam: 


ples, only obſerving here, that the line 
AB is to be uſed in caſting up both 


rounds. Thus A B multiplied by B C, 


multiplied by the factor for the angle B, 


gives 203,0177 ; and CD multiplied by 


DA, multiplied by the factor for the an- 


gle D, gives 177, 7278 their ſum 380,7 455 
is the content in ſquare chains of the firſt 
round. Alſo A B multiplied by B F, 
multiplied by the tactor for the angle 


A B F, gives 118, 1332; and AE multi- 


plied | by EF, multiplied by the factor for 
angle E, gives 95,33 29; their ſum 
213,4661 is the content of the ſecond 


round, 


SEC, VIII. 


round, dc. And the content of the whole 
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will be found nearly as follows, viz. 


Trapez. AB CD A chs.| 


Do. ABF E 213, 4661 
Triang. EGH 29,145 Off-ſets ſubtract. 
Off. ſets G H 9,12 B C& C 154,34 
5 2,5 | the road 8,92 
DAS& AE 12,92 — 
: . 24,26 
Sum Additive 647,8996 1 — 
Sum Subtractive 24,26 
Whole Content 62 3,6 08 
or 62 acres, 1 rood, 18 perches. This 


differs a little from the content in WilDs 


book; which may eaſily happen, as theſe 


dimenſions were only copied from his plate 
by help of a ſcale, and not taken in the 


fields. 


I have omitted inſerting the contents of 
_ each ſeparate incloſure, and their compa- 
riſon with the ſum of the whole; purpoſe- 
ly 


Q 4 
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ly to whet the genius of the young "I 
veyor; as there is nothing different in 
the performance from what was direcied 
in the laſt example, 15 


Remark. If the foregoing rule be well 
attended to, there is not the leaſl doubt of 
the young ſurveyor obtaining the moſt. 
exact content of any parcel or parcels of 
land cither great or ſmall; and alſo the 
true plan or ſituation of any or every in- 
cloſure therein. But as ſome writers and 
alſo ſome practical ſurveyors have laid 
great ſtreſs on the uſe of the Plain Table, 
by reaſon the work may be proved as it is 
carried on ; and which they ſay no other 
method will admit of. But in this they 
are certainly miſtaken ; for the ſame me- 
thod of proving the work as it is carried 
on, might have been applicd in the forer 

LL} going 
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going examples, or any other that may oc- 
cur in practice. And as 1t may be ſome 
ſatisfaction to the young ſurveyor, to ſee 
daily that his work goes on right. I ſhall 
inſert the method in few words, as being 
| nothing different from ſome parts of the 
foregoing examples. | 

Make choice of ſome conſpicuous object 
as the ſteeple of a church, (if ſuch be with- 
in your ſurvey) a chimney, or. large re- 
markable tree, &c. that can be ſeen from 
all or greateſt part of the land you are to 
ſurvey; then take the angle that ſuch ob- 
ject makes with two of the moſt conveni- 
ent lation lines in your firſt round, enter- 
ing them in the field-book where they were 
taken; and when you plot your firſt 
round, you will find the true ſituation of 
ſuch object by the interſection of the an. 
gles Alſo take the angle that ſuch object 
| makes 
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makes with one of your ſtation lines in the 
ſecond, third, &c. rounds ; theſe angles. 
when plotted (one day after another) will 
all interſe each other in the place of the 
object, if your work be right. Otherwiſe 
ſome miſtake hath been committed, and 
mult be corrected before you proceed. 


N. B. If your ſurvey be large, and one 
object cannot be ſeen from the greateſt 
part of it; you may uſe two, three, &c. 
but the fewer the better. 1 


SECTION 


SECTION IX. 


Giving directions for reducing hypothenuſal to 
Horizontal lines. 


{| N the foregoing examples the land was 
nearly horizontal ; but in fome parts 
of the kingdom the ſurveyor will often 
meet with hills and vales in the courſe of 
one or 'more long lines; as I have expe- 
rienced in Worceſterſhire, Herefordſhire, 
Derbyſkire, and Wales. And when we meet 
with ſuch bills or vales in a ſurvey, we are 
often obliged to meaſure over the hills, 
and through the yales ; and therefore ſuch 

lines 
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lines will often be conſiderably longer 


than the true baſe or horizontal lines. 
Therefore in plotting ſuch lines, as we 

cannot make a convex or concave ſuper- 

ficies upon a piece of plain paper; ; we 


muſt reduce the hypothenuſal to horizon- 


tal lines. For it is only theſe horizontal 
or baſe lines that ought to be laid down in 


the plot, that every held therein may lie 
in Its true ſituation. 

And i in order to obtain theſe horizontal 
lines, we muſl take the angles of the hill $ 


elevation. Suppoſe fig. 23. plate 9, to re- 


preſent a hill in the courſe of one of your 


ftation lines; and being arrived at the 
foot of it at A, 20 chains from your ſtati- 


on; let a mark be ſet on the top at B, 


juſt of the ſame height with your eye; 


then take the angle of altitude B AD, 


20⁵ë, 0“, and enter it in your field book 


againſt 


TA 
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againſt | 20 chains and note what it is for; 
meaſure up the hill to B. and ſuppoſe it 
at 25,34 chains from your ſtation, enter it 
in your field-book; continue your mea- 
ſure down the other ſide to C, 29,56 
chains from your ſtation, and there take 
the angle of altitude B C E 189, oo“, which 
enter againſt. 29,56 chains, and continue 
your meaſure to the next ſtation. ron) 

Now to plot theſe obſervations, draw: 
an occult line as A D, and ſuppoſe it part 
of your ſtation line, and the point A, at 
20 chains, lay the center of your protrac- 
tor to A,. and diameter to the line AD; 
prick off the angle D AB 209, oo, and 
through this point draw an occult line 
AB; then from 25,34 your chain line at 
B take 20, your chain line at A, and 
there remains 3j, 34 chains, which ſet from 
A to B, and from B let fall the Perm 


cular 
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cular B D apon AD, then lay the center 
of the protractor to B, and diameter on 
the line B D, and prick off the angle 
bc ne belag e client of 
BCE, 18, / to gos) and through this 
point draw the occult line B C, making 
it 4,22. chains, being che difference be- 
tween the chain line at B and C; and 
from C let fall the perpendicular CE, 
upon B D, ſo ſhall A D added to E 0 or 
D F be the true horizontal line. 
But the line A C is che baſe line of the 

hill, and is what ought to be uſed both to 
lay down the plot, and to find the content 
of the whole round ; unleſs the hill ex- 
tends quite acroſs the oppoſite ſtation line, 
and then the whole lines as meaſured over 
the hill ought to be uſed in finding the 
content, and ſuch baſe lines as A C for 
the plot. 2 
gn. And 
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And here it may be proper to obferve, 
that if the land on both fides the hill, had 
been level, or of the fame perpendicular 
diſtance from B, then the point C and E 
would have coincided with F and D. And 
then A C and A F would be equal: :- 
B the horizontal lines are meaſured by 
the ſame ſcale as uſed to lay down the 
plot, AD will be 5; and EC or DF. 4 
chains. | The — 
It will alſo be proper to ſhade over that 
part of your plot, where the lines are ſo re- 
duced, with the repreſentation of the hill, 
leſt another perſon ſhould meaſure ſuch 
part of the plot by the ſame ſcale, and 
find the contents to differ. b | 
II the area of a pointed hill, bei 
by an irregular” polygon be wanted ; the 
method of furveying by going round it, 
will give the area too ſmall; giving only 
the 
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the area of the hill's baſe. Therefore in 
ſuch caſes, it is beſt to meaſure it from one 
or more ſtations on the top of the hill, 
thus: Let A B CDE F G (kg, 26, plate 
9.) be the irregular bounders of an hill, 
and ſuppoſe 8 your ſtation on the top; 
then having ſet up marks at A, B, C, D, 
Kec. take the angles AS B, BS C, CS D, 
5 &c. and meaſure the lines SA, 8 B, SC, 
Kc. | Now theſe lines and angles conſti- 
tute ſeven triangles; in which two ſides 
and the including angle of each are 
known, and conſequently the area of each 


is eaſily had from the foregoing work, and 


the ſum of theſe areas will give the area or 
ſuperficies of the hill. | 

If ſuch hill is to be lad with the ad- 
Joining lands, then the horizontal or baſe 
lines muſt be found; either by meaſuring 
round it; or by taking the hills altitude 


at 
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at A. B, C. D, c. and ſuch lines made 
uſe of in laying down the plot. But if 
only the plot of the hill is wanted, it may 
be laid down from the meaſured lines near 
enough. In either caſes proceed thus : 
Chooſe a convenient point on your pa- 
per to repreſent your ſtation on the hill, 
| as, and draw SA, and from your ſcale 
make it its proper length; then with the 
center of your protractor on 8, and dia- 
meter to 8 A, prick off the angle A8 B, 
and make SB its util length, join AB, 
for the bounding fide of the firſt triangle. 
Lay the center of your protractor to 8 and 
diameter to SB, and prick off the angle 
Bs C, and make SC its juſt length, join 
B C for the bounding line of the ſecond 
triangle. And proceed in the ſame man- 
ner with the refl till you get round. | 


'' N. B. This 
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N. B. This method of ſurveying from a 
ſtation near the middle, may ſometimes 
be of uſe in ſingle incloſures; when ſome 
obſtructions ſuch as wood, water, &c. may 
prevent meaſuring round. And if all the 
corners or bends cannot be ſeen from one 
ſtation, two or more may be uſed; obſerv- 
ing to meaſure the diſtance between each : 
ſtation, and the angle ſuch line makes 
with one of the lines meaſured from your 


foregoing llation to one of the corners. 


Remark. Authors and ſurveyors differ 
in opinion, relating to the meaſuring of 
hills ; ſome arguing, that no more corn, 
graſs, &c. can grow on a hill, than on the 
baſe or flat, if the hill was taken away, for 
ſay they, as many pales ſet perpendicular- | 
ly, as will fence the baſe or horizontal 
line, will alſo fence over the hill; granted. 

But 
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But the ſame length of-railing that fences 
the horizontal line, will not fence over the 
hill; nor does corn or graſs grow perpen- . 
_ dicular. Suppoſe the ſide A B, of a hill 
whoſe lope line or hypothenuſe be 5,34 
chains, (as in fig. 25.) and a part of this 
be cultivated, ſuppoſe 2 chains broad; 
then the area will be 106800 ſquare links, 
and ſuppoſe it to be ſown with onions or 
carrots, and that they grow at one link (or 
8 inches very nearly) diſtance from each 
other; then there will be 106800 onions 
or carrots on ſuch a ſpot. But the hori- 
zontal line AD of ſuch hill is but 5 
chains, and conſequently the area for 2 
chains breadth will be but 100000 ſquare 
links, or jult one acre ; and will produce 
| only 100000 onions or carrots at the ſame | 
diſtance as above. Now the difference of 


the quantity of onions or carrots on the 
Rea hill, 
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hill, and on the flat is 6800, and ſuppoſe 
them worth one penny a dozen, it amounts 

to 566 pence, or 21. 78. 2d. which ſum is 
ſufficient to pay the rent of more than dou- 
ble the whole quantity of land; and 
plainly demonſtrates, that ſurveyors ought 
always to give in the area of the convex. 
ſurface of hills. = 
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S E G TI ON 


Dn meaſuring common fields. 


5 HEN ploughed lands in common 
fields are meaſured by the chain, 
"tis uſual to meaſure the length down the 
ridge of the land, and to take the breadth 
at the top of the land, about the middle, 
and at the bottom; and adding theſe 
three numbers together, to take the third 
part of the ſum for the mean breadth: 
but it is not adviſeable to take the breadth 
very near the land's ends, becauſe the 
turning of the plough generally makes it 
conſiderably narrower or wider; and if in : 
meaſuring down the land you find the 
breadth is not nearly equal; it is beſt to 
| R 3 meaſure 
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meaſure crols the land oftener, as at every 
three or four chains length, and adding 
the ſeveral breadths together, divide their 
ſum by the number of breadths, for the 
equated breadth. 
The ſeveral perſons lands in common a- 
rable fields, may be accounted as ſo many 
particular encloſures, and meaſured after 
the ſame manner, by ſetting up marks at 
the extremities of each perſon's land, and 
meaſuring the angles from yourllation lines, 
taking the ofl-ſets to cach man's particular 
lands; and againſt ſuch oſl-ſet write the 
name of the owner or tenant; ; and when 
you plot ſuch land, you may by help af 
your field-book expreſs each particular 
man's land in your draught, with its but- 
tings and boundings, &. An example of 
this ſeems needleſs, as it is nothing diffe- 
rent from ſome of the foregoing work. 
: SECTION. 


6-847 1 


SECTION WM 


Shewing how to 105 out any given quantity . 
land, in any propoſed figure. 


8 the quantity of land is generally 
given in acres, roods, and perches; 
the farſt thing to be done is to reduce it to 


ſquare chains. 


PROBLEM L 


To reduce any number of acres, roods, and 
perches, to fquare chains, 


= U 11 
To the right hand of the given acres 
place a cypher; find the roods and 
R 4 5 perches 
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perches in the th table, or the neareſt to 
them leſs, in the columns of roods and 
perches; and take out the number of 
ſquare chains and decimals, ſtanding 
againſt them, in the firſt column, and alſo 
the number againſt the remaining perches, 
(if any) which numbers added together, 
gives the ſquare chains and decimals re- 
quired, , | 


EXAMPLE I. Let it be required to re- 
duce 6 acres, 2 roods, 14 perches, to 
{quare chains : | 


60 = the acres with a cypher prefixed, 
5,000 the number for 2 roods. 
875 ditto for 14 perches, 


9 — — 


—.— 5 The ſquare chains required, | 


EXAMPLE 


Src. XI. LAYING OUT LAND. 249 


EXAMPLE II. Let it be required to re- 
duce 2 acres, 3 roods, 26 perches, to 


ſquare chains: 


20 acres with a cypher. 
9,000 for z roods, 24 perch. neareſt leſs, 
,125 for the 2 Perches remaining. 


— — — — 


29, 125 the 2 885 chains. 


EXAMPLE III. Let 20 acres, o rood, 
20 perches, be reduced to ſquare chains ; 


200 acres with a cypher. 
1,00 for 16 perches, neareſt leſs. 
305-1 for 4 perches remaining. 


201, 25 ſquare chains. 


ä—ĩ— * 


RU EE 'm 


Write down the acres, roods, and 
| perches, each one under the other, begin- 
ning with the perches, under them write 


the 


— 57 1 Mont 
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the ads. and under them the acres ; di- 
vide the perches by 4, writing the quotient 
to the right hand of the roods, which alſo 


divide by 4, writing the quotient to the 


to the right of the acres; and they will 


be reduced to ſquare chains, 


ExAMPLE I. Reduce 2 acres, 3 roods, 


26 perches, io ſquare chains: 


4 
36,5 | 
| 29,125 Anſwer, 


EXAMPLE II. Reduce 26 acres, o roods, 


12,46 perches, to ſquare chains 


4+ | 2946- 
4 | 03,115 
| n, 1 


ExAM- 


1 
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EXAMPLE HI. Reduce 7 acres, 0 roods, 5 


ol perches, to chains : 


4] or 


\ 4 |} 00,45 
70,0625 Anſver. a 


N. B. If you would have ſquare links 
multiply. the ſquare chains by 10000 
gives ſquare links. 


PROBLEM Un, 


Upon a given baſe to lay out a triangle of any 
number of acres, &c. 


RUE 


Divide the area in ſquare chains, by 
half the baſe ; and the quotient will be 
0 fen, 


EXAMPLE 


«wp 
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EXAMPLE. Lay out 2 acres, 2 roods, 
3 4.56 perches, in a triangle whoſe baſe is 
9.36 chains: | 
443458 
: 4 | 28,04. 
ſquare chains 27,16 
3, 80 chains the perpen. 
Then upon any part of the given baſe 
A B, (fig. 27, plate g.) erect a perpendi- 
cular C D, by help of your ſextant (or 
ſome other inſtrument), meaſuring there- 
on 4,80 chains to D; and ſtake out the 
lines DA, and DB, and it is done. 


PROBLEM 
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PROBLEM Il. 


Upon a given baſe to make a reclangle of any 
content propoſed. 
RU LE 


Divide the content by the baſe, from 
each end raiſe a perpendicular equal to 


the quotient ; and join their tops with a 
right line, which muſt be equal to the 


baſe. 


3 Let it be required to lay 
out 1 acre, 1 rood, 21 perches, or 13,8125 
ſquare chains; in a rectangle whoſe baſe 
AV (fig. 28.) is 5,40 chains. 


13.8128 
now ——— = 2,56 chains the perpendicular 
5,40 B C 28 8 AD. 


PROBLEM 


—— 


4 
1 
b 


Fig. 29. 


W 
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P R O B L E M IV. 


To lay out any quantity of land propoſed in a 


ſquare. 
KU LE 


Extract the ſquare root of the propoſed 
area, and it will be the fide of the ſquare; 
meaſure a right line equal to this root; 
raiſe a perpendicular on each end equal 
to it, and join the tops of theſe : Rake all 
theſe lines, and you have done. 
 ExAwPLE. Let it be required to lay out 
5 acres, 2 roods, oo perches, or 55 ſquare 
chains in a ſquare. 5 

No the ſquare root of 55 c. is 7,416 
chains for the length of the ſide of the 
ſquare, = AB, BC. = CD, S DA. 


PROBLEM 


* 
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PROBLEM v. 


1 Upon a given baſe, to lay out a rhombus of any 
content leſs than the ſquare of it. 


. E. 


Divide the content by the baſe, and the 
quotient will be the perpendicular. Then 
from the ſquare of the baſe, ſubtract the 
ſquare of the perpendicular, and find the 
ſquare root of the remainder... From one 
end of the baſe meaſure a line thereon 
equal to this root; and at this point erect 
and meaſure the perpendicular; at the end 
of which alſo erect another perpendicular, 

and meaſure a line thereon equal to the 
| baſe ; join the ends of this line, and the 
ends of the baſe, and it's done. 


EXAMPLE, 
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EXAMPLE. Let 3 acres, 3 roods, 34 | 
perches, be laid out in a rhombus, : whoſe 
baſe A B (fig. 30.) is 7,20 chains; Now 
39.625 ſquare chains, divided by 72 
quotes 3,5 chains for the perpendicular; 
and the ſquare of 7.231,84, and of 
5.5830, 25 their difference = 21, 39 whoſe 
root is 4,046 chains. Meaſure from A to 
to E 4,046 chains, and erect the perpen- 
dicular E D, making it 3, 3 chains, ered 
the perpendicular D C, meaſuring ee 
7,2 Chains, join C B and D A, which com- 
pleats it. 


OBI. 

To lay out a trapezium of any propoſed content, 
having one fide, or a : baſe given. 
. 

Divide the content into two parts, either 


equal or unequal; then lay out one part 
in 
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in a triangle by Prob. 2. Let the perpen- 
dicular of this, be a baſe to lay out VR) 
other part in a triangle by the ſame, (Prob. 
2 ) and this ſaid perpendicular will be the 
diagonal of the trapezium. wth 


N. B. In the firſt part the perpendicular 
muſt be erected at the end of the given 
ſide, but in the ſecond, its ſituation may 
be taken at pleaſure ; unden two of the 


ſides of the trapezium has fixed bounders. 


EXAMPLE. Let g acres be laid out in a: 
trapezium, having one fide or baſe, A B. 
(hg. 31.) 8 chains. Now ſuppoſe the wo. 


| pay to 3, and 4 acres; then by chains, 


= 12,5 chains, the = BD, £ 


_ which is alſo the diagonal. And 5 £ 20 


6 40 the perpendicular EC; rhen joining | 
„ AD, 
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AD, DC. CB, and the trapezium is 
compleated. 

0 
P * 0 B L E. M vi. 


To lay out any given quantity of land 3 in a re- 
| gular pobgon. 67 
K 9 LK 


| Find the area of a polygon, of the ſame 
name with that required, the ſide of which 
1. (in the following table) Divide the 


Kore area by this area, and extract tbe 


ſquare root of the quotient; ; this root is 


the ſide of the polygon required; which 


may. be traced 99 9 ceo Prob. 16, of Geo- 
metry. 1 „ 


Or thus having Wand the ſide, multiply 


it 0 the polygon 5 number (in the table) 


for 


a 
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for the radius of the circumſcribing circle; 


and it gives the radius circumſcribing the 


required polygon, With this radius draw 
the circumference of a circle, and as ma- 


ny chord lines therein, as the number of 


the polygon requires, each equal the 
kept the fade. 


4 7 4 B L E of regular polygons, with the 
area, and radius of the circumſcribing cir- 
cle, and the ſide of the polygon is 1. 


a. FER 8 4 -« 


> 4 Names. areas. radius's | 
3 | 
3 Triangle 0,433 | 0, 577 
4 Square ˙ „ Foy” 
5 Pentagon 1,72- | 0350 
6 Hexagon | 2,598 | 1, 15 
7 Heptagon | 3,634 | 1,132 
8 Octagon 4,828 | 1,306 
9 Nonagon | 6,182 | 1,462 
10 Decagon 7,694 1,619 
11 Undecagon 9,363 1,775| 
5 ö ä — 11,196 1,932 | 


#2 > Exau* 
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| EXAMPLE. Let 2 acres, or 20 ſquare 
chains be laid out in the figure of a regu- 
lar octagon. Now 20 chains divided by 
4.828 the tabular number for the octagon, 
gives 4.1 42 5 for the ſquare of the ſlide, 

whoſe root 2,035 is the ſide required; and 
this multiplied by 1, 306 the radius in the 
table, gives 2,658 nearly for the radius of 
the circumſcribing circle; with this radius 
deſcribe the circle, (fig. 32.) in which draw 

the chord lines AB, B C. CD, DE, EF, 

F G., GH, and HA, each equal 2,035 
_ the W s ſide. 


Pp R O B IL E M VIII. 
To lay out 15 quantity of land in a circle. 


R * L E. 


Divide the area by ,7854 and extra 
the : ſquare; root of the Cs for the dia- 
meter, 


chains be laid out. Now 
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meter, the half of which is the radius; ; 
by which deſcribe the circle. 


EXAMPLE. Let 1 acre. or 10 ſquare 


y — 173 
7854 %% 


and the ſquare root of this is 3, 568 the 


diameter, and the half is 784 chains the 
radius A C, (fig. 33- ) 


PROBLEM IX. 


Having one diameter given (either the long or 
ſhort one) to make an ellipfes of any propoſed 
content, not exceeding three fourths of the 
ſquare of the diameter. | 


Ui L 


Divide the content by , 7854 and the 
quotient by the given diameter, the laſt 
x P 3 gquo- 
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quotient is the other diameter; . then lay 
out the ellipſs by Prob. 18th of Geometry. 


NM Let 3 acres or 30 fquare 
chains be laid out in an ellipſis, whoſe 
longer diameter A B, (lg. 34.) is 8 chains, 


Now = = 38,197 nad. 38, 8 4770 | 


the ſhorter diameter C D. now having 
both diameters, the elliphs i is conſtructed 
as above. 
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S E C TI ON xt 


— 


Containing the Diviſion of Land. 


[O author I have yet ſeen has given a 


* true, and rational method of divid- 
ing land; eſpecially large commons con- | 
| taining land of different value. | 
And I am. ſorry to ſay, I cannot wel 
thinking that very few, if any, hitherto di- 
vided, are done truly as they ought to be. 
My reaſons for ſo ſaying will appear: 
from the following quotation | (verbatim) 
from an eminent mathematician, and au- 
| thor of a very late and valuable treatiſe of 
menſuration ; in which (under the article 
. $4 - 5 Survey- 
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Surveying, chap. 3 he ſays, In the di- 
viſion of commons, after the whole is ſur- 
= veyed and caſt up, and the proper quanti- 
ties to be allowed for roads, &c. deducted, 
divide the neat quantity remaining among 
the ſeveral proprietors, by the following 
problem, in proportion to the real value 
of their eſtates, and you will thereby ob- 
tain their proportional quantities of the 
land. But as this divifion ſuppoſes the 
land, which is to be divided, to'be all of 
an equal goodneſs, you mult obſerve, that : 
if the part in which any one's ſhare is to 
be marked off, be better or worſe than the 
general mean quality of the land; then 
you muſt diminiſh or augment the quanti- 
ty of his ſhare in the ſame aan as 
near as you can judge, . ker 


PROBLEM 


xc. XII. DIVIDING LAND. 28653 


PROBLEM I. 


It is required to divide any given guantity of 
ground into any given number of parts, and 


in proportion as any given numbers. 


N 


Divide the given piece aſter the rule of 
fellowſhip, by dividing the whole content 
by the ſum of the numbers expreſſing the 
proportions of the ſeveral ſhares, and mul- 
tiplying the quotient ſeverally by the ſaid | 
proportional numbers for the reſpective | 
ſhares required.” 


EXAMPLE. It is required to divide 300 
acres of land among A, B, C, and D, 
whoſe claims upon it are reſpectively in 
Cu 5 propor- 
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proportion as the numbers 1, #3 6, 10, 
, or whoſe eſtates may be ſuppoſed 1001, 
PR? 6ool. and 10000. per annum. 
The ſum of theſe proportional numbers 
is 20, by which dividing 300 acres, the 
quotient is 15 acres, which being multi- 
plied by each of the numbers 1, 3, 6, 10, 
we obtain for the ſeveral ſhares as follows: 


42. 


7. 8 

A's ſhare = 15:0: 00 
Bs thare = 45. 5 © 88 
C*s ſhare. = 90: o: 00 
W's Mare — 190 = : ©: 00 


Sum _ =300 : : © : co the proof. 


But this is upon ſuppoſition that the | land 
is all of an equal value. 

Nov let us ſuppoſe the land to be laid 
olf for each perſon” s ſhare, is of the follow: 
ing different values per acre, viz. A's © 58. 


B's = Cs D's=155, an acre; 
| "ny wa 405. divided by 4, their num- 
- ber, 
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ber, quotes 105. for the mean value per 
acre. And according to the author juſt 
quoted, we muſt augment or diminiſh 
each ſhare as follows 1 


5 $4 a | 

5 10 15 gona han} 
8.: 10 5: 45 © 
2 ::10/ 1: 90 % Mare. 
5 : 10 ;: 150 : 100 8 D's ſhare, þ 


ſym of ſhares = 261, 3 acres 


which is leſs than 300, by more than 38 
acres, and ſhews the rule to be abſolutely 
falſe ; for when each perſon's ſhare is laid 


out as above, there remains 38 acres un- 


applied; I ſuppoſe for the ule of the ſur- 
„ | 


But ſuppoſe we change the value of 
each perſan's land, and call A's 16s, B's 
1 
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125. C's 85. and D's 5s. then we ſhall 


. „% | 
15 5 10 :: 15 i mne. 
13 * 10 :: 45: 27,8 B's hare. 
10 : 90: 112,5 C's ſhare, 
5 10 22 150 : 300 Dis ſhare. 


ſum of the ſhares 460 acres, | 


Pray how muſt the ſurveyor manage It 
here ? as he muſt make 460 acres of goo, 
for here D's ſhare only takes the whole 
300, where muſt the poor ſurveyor find 
the 160 acres for the other three ſhares. 
But enough of this; ſee it truly and me- 
thodically performed in the next problem. 


N. B. The above rule is the only one [I 
have ever ſeen taught or laid down by any 
author; and had there been a more cor- 


rect one known, I make no doubt but the 
above quoted author would have added it 
| along 
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along with the many other valuable tos 


provements to be met with in his before- 
mentioned treatiſe. e 


* ts go = Ig to divide any given quantily of 
land, among any given number of perſons, in 
proportion to their ſeveral efiates, and the va- 
lue of the land that falls to each perſon's 5 


are. 
RULE, 


Divide the yearly value of each perfon's 
eſtate by the value per. acre, of the land 
that 1 is allotted. for his ſhare, and take the 
tum of the quotients ; ; by which divide 

the whole given quantity of land, and this 
5 quotient will be a common multiplier; 


by 


270 Tux NEW ART os, Sxe. XII. 
by which multiply each particular quoti- 
ent, and the product will be each particu- 
lar ſhare of the land. 


Or ſay as the ſum of all the quotients, 
is to the whole quantity of land; ſo is 


each particular quotient. to its Proportion- 
al ſhare of the land. | 


| EXAMPLE. Let 300 acres of land be di- 


vided among A, B, C, D, whoſe eſtates are 


1001. 3ool. 600 l. and 1000 l. reſpectively 
per annum; and the value of the land al- 
lotted to each 1 is 5, 8, 12, and 15, ſhillings 


an acre, as in the example to the firſt 


problem. 
600 
Then age, 500 =, — . 0, 
elk, 37.5 2 5 
1000 


and 15 = 66, 666, and * ſum of theſe 


quotients 
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go 
quotients | is 174.166 174.3 7486. es 
the common b multiplier : 8 
eee, 


7,2248 X 20 

1, 72248 X 37,5 
then « 1,72248 X 50 
1,2248 & 66, 666 


34,45 As ſhare, - - 
64,593 B' s ſhare, 
86,124 C's ſhare, 
114832 D's ſhare. 


— 1 


ſum of the ſhares 299,999 acres, or 300 
very nearly, and is a f of the whole. 


k 
s 8 


1 il 1 


Let us now change the values of the 
land as in the firſt problem, and ſee what 
each will have for his ſhare. Suppoſe A's 
1;, B's 12, C's 8, and D's 5. ſhillings: an 


acre ; ; then 700 =6, 66 300 — 


Ag 54.1 2 f _ 
1000 


I, = 200, and the Tum of 1 quotients 


is 306,666, eee 282097826 


the i multiplier: 
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| acres. 
GESY abs! x 6,666 6,52 17 A's ſhare, 
then 1 997826 * 23, . = 24,4565 B's ſhare. 
97826 X 75, , 3 7313095 Sin aue. 
C0,97826 X 200, 25552 * s ſhare. 


the ſum of the ſhares = 299.99 7 acres, which 
Nn the magy to * 5 , 


N. B. It . de Peper to obſerve here, 
that as the value of C's land is leſs than 
the mean value, his ſhare ought (accord- 
ing to the beſore- quoted author) to be 
augmented above the mean quantity, viz. 
go acres, as in problem the firſt ; ; but here 
you ſee, in reality it is diminiſhed, being 
little more than 73 acres; and further 
ſhews the abſurdity of the firſt rule in di- 
viding land of different value. 


EXAMPLE II. Let 500 acres be divided 
among fix perſon's, Whoſe eſtates are as 
follow, viz. A's 4ol. B's 20l. C's 101. 
e D's 1000, 


1 
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D's 1007. E's 400. and Fs 1000l. per 
annum, and the value of the land moſt 
convenient for each is A's, B's, and C's, 


each 75. D's 10s. E's 15 5. and F's 125. 
an acre; no-] each eſtate divided by the 


| value of his ſhare of the land, will ſtand 


: 443 5 q \ 
thus : : 
; Fe; : a} : Pg: 
ry pf 2 . 74 f3t 2 4 
A 7 14%: 5/7428.) 1; 
- 73” 8 £ 2.85714 
n 4 AA 5x = » 
1 7 1 10 („154285715 N 
5 ( 19, MY 


1 120 800 99 — 85,3333 ee. 


"SS = 


10 5 * 5 O e 16900 2th, 
| 00 | 
Now: = = 3,34613z3 the common 
_ 


| multiplier; by which multiplying each 
quotient, we ſhall have for each ſhare as 
follows, Viz, | | 


8 e 
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acres. 
21,9778 
10, 9918 
554941 
38,4615 

102, 5641 

3265 127 


their ſum is = = 500,0020 &proves the Rok 


TITLTETITY 


7 tg O 


N. B. If any fingle ſhare ſhould contain 
land of ſeveral different values, then ufc 
the mean to divide his eſtate by. 

Alſo if there be different quantities as 
well as values, find what each quantity is 
worth at its value, and add their fums to- 
gether ; ; then ſay as the ſum of the quan- 
tities, is to this fum ; ſo is one acre, to 


its mean value, to be made uſe of. 


| Now having found cach perſon” 8 ſhare, 
they may be laid out in any form requir- 
ed, by the diredions and problems given 
in the Jaſt ſection. But when ſeveral ſhares 

= contain 
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contain land of the ſame yalue, it is beſt 
to lay out their ſum in the moſt conveni- 
ent form, and then to ſubdivide it, by ſome 
of the tollowing problems. | 


PROBLEM III. 


To divide a triangle m any propoſed ratio "s 
right lines _ one me to the oops ite / * de. 


nk 0 L * 


Divide the oppoſite fide in che ratio pro- 
poſed, "and join the angular polls Ld 
points of diviſion, 55 i r 1 
1 EXAUrIk. Let it be required to divide 
the triangle A B C, (fig. 35. plate 10.) 
; containing 261 acres into three parts, in 
the ratio of 40, 20, and 10; by right lines 
proceeding trom the angle on to oe AB, 
whoſe length is 28 chains, 5 


"EY SGeuroux⸗- 
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e GEOMETRICALLY. | 
The ratio of 10, 20, and 10, are the 
fame as 4. 2, and 1, and their ſum is 1 : 
therefore divide A B, into) equal parts; 
and make Aa equal 4, ab = 2, and 
Br I, of thoſe parts; join 8 a, and C b, ; 


$963 its done: 
3 1 * q 


* 


Arr THETICALLY, 

4 7 as 7 (che ſum of ratios,) is to 28 
chains, (the length o AB) ſo is 4, 2, and 
8. and 4 chains reſpectively: 
therefore: Ala = = 16: gn b= 8 chains, 
and B & 4:Gchains. but 

If you would know How TOON acres 
there is in each part, ſay as the ſum of the 
ratios is] to. the whole quantity of land; 
fo is each ratio, to the quantity of acres; 
eil Bus on f | 


AA bil 3 2) Sign 515 LEDH 4.16 
7 : 26,5 : 4 : 15,142857] = triang. ACa 
e765 : 2 TR = wings C7 
(7.5 26,5 :: 1: 3,7857 14] = triang. 6 C B 
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PROBLEM IV. | 


I is required to divide a triangular field into. 
any number. of parts, and in, any given ratio, 
from a given point to any fide of it, 


. 
Divide it in the given ratio, from the 
angle oppoſite the given point, by the laſt 
problem; reduce theſe dividing lines to 
_ paſs through the given point by prob. 19, 


ol Geometry. 


EXAPLE. Let it be required to divide 
. the triangular field ABC, (fig. 36.) con- 
taining 7 acres, into two parts, in the ratio 

of 2 to 5, from a pond b, in the fide B C. 

Eirlt divide B C into 7 equal parts, make 
T8 Ba 
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Dja = 3. then a C 2 draw A a, and 
it divides it in the given ratio from the an- 
gle A. Then to reduce it to the point b, 
draw A b, and parallel thereto ac, join 
cb, and it will be the true dividing line 
required. | 


ExAmeLE II. Let the triangle A B C, 
(hg. 37-) be divided into three equal 
parts, from a gate or pond c, in the ſide 
AB; firſi divide A B into 3 equal parts, 
as Aa, ab, bB, then the lines G and 
C b, divides it as required from the angle 
A; reduce theſe lines as aboye to cd and 
ce, and they will be the true dividing 
lines required, paſſing ſram the gate ar 
pond 65 

ARITHMETICALLY in the field. 

Divide B C, (fig. 36.) in the ratio re- 


95 1 (by the laſt problem,) and ſet a 


mark 
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mark at the point of diviſion at a, and 
alſo at the pond b; then go to the corner 
A, and with your ſextant or other inſtru- 
ment, take the angle bA a, go to a, and 
lay off the ſame angle Aa c, and it will 
give the point c (in the ſide A C), from 
whence the fence muſt go to the pond. 


1 * g T 
To divide a triangular feld in any ratio re- 


quired, by right lines parallel to one fide and | 
| . the others. 


SU L:© 


Divide one of the cut ſides in the ratio 
required, then find a geometrical mean 
proportional between the cut fide and the 
diviſion next the parallel ſide ; lay off this 

14 mean 
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mean proportional, and through the point 
draw the firlt parallel dividing line. Pro, 


ceed in the ſame manner with the remain. 
ing triangle. 


EXAMPLE. Let the triangle ABC, 
(fig. 38 ) be divided into three equal parts, 
by lines parallel to A B, and cutting the 
ſides A G and BC. _ 


GEOMETRICALLY. 


Firſt divide one of the cut ſides as B C 
into 3 equal parts, ſet 2 of them from C 
to D, then find a geometrical mean pro- 
portional between BC and D C, thus: 
On BC continued make CF = GD; 
and biſedt B F in E, on the point E and 
| diſtance E. deſcribe the ſemi-cir- 
cle B NF; erect CN, perpendicular to 

B C, and 
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B C, and it will be the mean proportional 
required; make CG = CN, and draw 
G H parallel to A B, and it will cut off 
the firſt part A B GH: by 
Secondly, divide G C into 2 8 parts 
as at I, make CK = CI, and biſect GK 
in P, on this point P, and diſtance P G = 
| PK, deſcribe the ſemi-circle G OK, then 
will CO be a mean proportional between 
CG and CI; make CL= CO, and 
draw I. M parallel to AB or HG, and 
the triangle will be divided as required 
into three equal parts. : 


ARITHMETICALLY in the field. 


Meaſure B C, ſuppoſe g chains, two- 

| thirds of which is 6 chains = C D, then 
9x6 = 54. whoſe ſquare root = 7.33 
chains = G C the geometrical mean; 
. mea- 


282 Taz NEW ART or src. XII. 
meaſure off C G or B G, and lay off G H, 
parallel to AB; by meaſuring the angle 


AB C, and making the angle HGC |} | 


equal to it ; this line cuts off one third 
part from AB. Then! CG or 7,35 = 
367 = CT, and 9,35 x 3,67 = 26,9745 
whoſe root is 5,19 chains, = C L the 
mean proportional; lay out LM parallel 
to AB, and it divides the triangle H G C. 
into two equal parts, and conſequently 
the 'whole A BC is divided into three 
equal parts as required. 


R O B L E M Vi. 
To divide any parallelogram, viz. ſquare retlan- 
gle, rhombus, or rhomboides, in any ratio 


propoſed by right lines culling two 0 „ 
parallel Ades. 


-R * 1 © 
Divide che ſides in the propoſed ratio, 
and join the points ol diviſion. 
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This is ſo plain and eaſy that an exam- 
ple ſeems needleſs, 


PROBLEM, N 
To divide any right lined figure into any Pro- 


poſed ratio, by _ lines N from 
one angle. 


Un 
Reduce the field into triangles and pa- 
rallel trapeziums; then divide the ſides of 


each in the ratio propoſed, and join the 


points of diviſion, by problem 3d and 6th. 


And theſe lines may be ſtraightened by 
problem 20, Geom. 

EXAMPLE. Let it be required to divide | 
the irregular pentagonal field ABCDE, 
(hg. 39.) inta three equal parts, by right 


lines from a gate in the angle B, being 


the 
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the only road to it. Draw A C, and pa- 
rallel thereto F D, divide A C and F D into 
three equal parts in the points a b C, and 
C4; join BacE, and BbdE, which 
lines divide it into three equal parts. Lay 

a parellel ruler from E to a, and move 
it up to c, and it will cut the ſide E D, in 
e; that is make ce parallel to a E, and df 


parallel tobE; join ae, and bf, and the 


lines Bae, and B bf divides it otherwiſe _ 
into three equal parts. And making- a g 
parallel to e B, and b h parallel to BY, will 
give the points g and h, join B g. and B h, 
and theſe lines give another diviſion inio 
three equal parts. ou 


N. B. I have omitted drawing the pa- 


rallel lines to prevent confuſion. 


PROBLEM 
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To divide any right lined 1 in any propoſed 
ratio, by right lines proceeding from a given 
point 1 in one of ; its þ des. 


* 2 
0 1 *..% # x 
F142 AM 


| Firſt divide it in the given ratio, from 
an angle, by problem 7th, then fear in 
diviſion from the —_ to the given point 
by problem 4th. N 85 

EXAMPLE. Let the trapezium ABC D, 
(fig. 40) be divided in the ratio of 1,2, 3. 
by right lines from the gate E, in the fide 

A B, the leſſer part lying to the fide A D. 

Draw the diagonal AC, and divide it 
into 6 equal Hors, being the ſum of the 
f ratios; : 
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ratios; make A 4a = one of them, and ab 
equal two, and ö C thice; join B a D and 
BH D, theſe lines ſtraightened from B, 
gives B c and B d, which divides it in the 
ratio required from the angle B. Now to 
reduce it to the point E, lay a parallel 
ruler from E to c and move it up to B and 
it will cut A D in e, join E e, and it will 
be the firſt dividing line from the point E: 
lay the ruler from E to d, and move it up 
to B. and it will cut D C in f; join Ef, 
and it will be the other dividing line; 
which lines divide it from the point E, in 
the ratio required. . 
N. B. If the leſſer diviſion muſt ave 
Join d the fide B CG, it would be beſt to uſe 
the other diagonal B D. 


{EXaNP LEI, Let the trapezium 
AB CD, (bg. 41.) be divided into four 
„ be 1 | equal 


on 
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equal parts from the gate E, in the ſide 
A B, being the only road to the land. 
Draw the diagonal BD, and dich it 
into four equal parts, join the angles A - 
and C, with the points of diviſion ; 
ſtraighten AcC and AbC, from C upon 
AB, and they give C/ and Cc es alſo 
Rraighten A a C, from A upon 0 D, and . 
it gives A d; make A g parallel to E d. 
and draw E g. make 2h and /i parallel _ 
EQ, and j join E h and E i; then the lines : 
E g. E h, and E i, divide it as required. 
Note, It is proper to obſerve, that if the 
line A a C had*been ſtraightened from C 
upon A D, it would have occaſioned more 
work ; for ſuppoling it ſo firaightened, it 
gives Ca, (fig. 42.) then making a c pa- 
rallel to E C, and joining E c it is the dia- 
gonal of the parallel trapezium ca E C, 
and ac is the other diagonal of the ſame 
— trapezium 
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trapezium ; and conſequently the triangle 
aE A is left out of the diviſion ; there- 
fore to bring this i in, draw a b parallel to 
AE, cutting Ec in b; ; join A'b, then 
ſtraighten A b c from c, and it . the 
point * make 4 8 parallel to Ec, then 
will E 5 be the true dividing line. 
5 But it will be ſhorter to reduce the di. 

vi on from the angle C to A, thus: : make 
ad (fig. 42.) parallel to A C, and it gives 
the point d in the ade D C, the ſame as in 
figure 45 5 | 


I B. I have been more full and par- 
ticular in this problem, becauſe ſeveral 
authors have pronounced the geometrical 
ſolution impracticable; and no one hav- 
ing ſhewn the method made uſe of above. 


PROBLEM 
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PROBLEM IX. 
To divide any right lined figure in any propoſed 


ratio, by right lines proceeding from a 
given point within the ſaid figure or field. 


% 


Firſt divide it in the given ratio, either 
from an angle or otherwiſe ; reduce one 
of the outſide parts (thus divided) to the 
given point; then divide the remaining 


part a-new, by the laſt problem. 


EXAMPLE. Let the trapezium AB Co, 
(ag. 43.) be divided into three equal parts, 
from a pond P, near the middle. 

The diagonal B D, being ſuppoſed 
drawn and divided into three equal parts, 

„ ä 
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and ſtraightened from the angle A; then 
AE will be one of thoſe lines, draw P 4 
and make ac parallel to AP, and ab pa- 
rallel to P E, join Pb and P c, then wil 
P B c be one third part. 
| Now the remaining part Ac Pb CD, 
muſt be divided into two equal parts from 
the pond P, which. is eaſily done by the 
laſt problem thus: continue bP to F, and 
it reduces it into two trapeziums Ac PF, 
and FV C D, draw the diagonals D b and 
A P, and divide each into two equal parts 
in the points d and e; join CdFec, and 
it gives the firſt diviſion into two equal 
parts, which being ſtraightened upon C 5. 
from c, gives c f, which is done thus: lay 
the edge of your ſcale from C to F, and 
take in your compaſſes the neareſt diſtance 
of d from the edge of the ſcale, move one 
foot of the rs by the edge of the 
ſcale, 
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ſcale, and the other will cut the line C D 
inn; lay the ſcale to n and e, and take 
the nearefl diſlance to F, and it will cut 
CD in o; lay the ſcale from o toc, and 
take the neareſt diſtance to e, and it will 
cut CD in /, join c f and it's the ſtraight- 
ened line, and divides A c Pb CD into 
two equal parts from c; lay the ſcale from 
to P, and take the neareſt diſtance to c, 
this will ut C D in g, join Pg, andꝭ ĩt ig 
done. 5 | 


Note, I have alſo been more particular | 
in this, as no author before, that I know 
ol, has given a geometrical ſolution to this 
problem. 15 


Us PRO- 
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PROBLEM X. 


To divide any given circle in any given ratio, 


by concentric or parallel circles. 


R EE 


Divide the radius of the given circle in 
the ratio propoſed ; then find (by pro- 
blem the 3th.) a geometrical mean propor- 
tional, between the radius and the firſt ra- 
tio; and alſo between the radius and ſum 
of the two firſt ratios, &c. and they will be 


the radiuſes of the circles required. 


EXAMPLE, Let the circle (ſig. 44, 
plate 11.) be divided in the ratio of 2,5,7, 
from the center C towards the circum- 


terence. 


MT: Fir 
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Firſt divide the radius A C, into 12 
equal paris; make C a equal two of them, 
and ab three, then will b A be ſeven. 
Then the geometrical mean between BY 
and CA, or 2 and 12 is Ce 40 the 
radius of the firſt ſhare. And the mean 
between C b and C A, or 5 and 12, gives 
Cf = 7,74 the radius for the ſecond ſhare; 

and the remaining part is the third ſhare. 
N. B. The triangle A B C (fig. 38.) in 
the zth problem, may be divided in the 
ſame manner ; by firſt dividing the fide 
B C into three equal parts; then finding 
a a geometrical mean between the firſt part 
next C, and the whole ſide B C, that is be- 
tween 3 chains and 9 chains, and it gives 
CLS 3,19 chains; and alſo a mean be- 
tween the two firſt parts, andthe whole fide, 
that is between 6 chains and 9 chains gives 0 
(67,35 chains the ſame as in that prob. 
3 Note 
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Note al ſo, That any polygon may be di- 
_ vided by this problem into any given ra- 
tio, by lines parallel to its ſides. For ſince 
every polygon may be conſidered to con. 
fiſt of as many triangles, as the polygon 


has ſides; and one of cheſe triangles di 
vided as above, in the given ratio, gives 
the diviſion of all the reſt, by continuing 
it round parallel to each. fide. 


0 =; E M XI. 
To divide any given circle, in any propoſed ratio, 
by right lines from the aur to the circum- 
; ference, 


R U L E. 
Divide the circumference in the ratio 
propoſed, join the center and points of 
divifion, and it is done.—This is fo eaſy, 


that an ap ſeems needleſs. 
| SECTION 
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SECTION Xift. 
To meaſure Marl-pils. 


I N Lontaſttve and the adjacent counties 

(fays the anthor of the Royal Gauge?) 
this fort of meaſuring is of great uſe; 
for when their Iand has been graſſed ſo 
long, till it begins to bring forth rufhes, 
moſs, &c. then they propoſe to mærl, which 
they generally do in May or June, chat fo 
they may have finiſhed before their _ 
harveſt begins. 

When the owner of the land has pro- 
poſed how many acres he deſigns to marl. 
he appoints 10 or 12 labouring men 

4 (called 


296 OF MEASURING Sxc. XIII 


(called marlers) to come and view the 
ſame ; which done, they agree upon a 
price, which 1 is about 205. a rod or rood, 
ſor ſo many rods of marl that are contain- 
ed in the pit. They have 8 yards long, 
8 yards broad, and 1 yard deep, to the 
rod. (But Mr. Buans in his treatiſe of 
ſurveying ſays, cuſtom has eſtabliſhed 9 
yards long, 8 broad, and 1 deep, it 
Cheſhire and ſome of the adjacent de 
The marlers having agreed with the owners 
ſor a price, and place where the pits muſt 
be; they come in the winter and fey it, 
that is, mark out the ſhape of the pit, and 
dig off the earth till they come to themar!; 
this in ſome lands lieth near the ſurface of 
the earth, and in others a foot or two deep, 
more or lels, according to the goodneſs of 
the land. The carts which are made ule 


of in this work, are (or qught to be) % feet _ 


lon g. 
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| long. 2,7 feet wide within, over the axle- .. 
tree, and 2 feet deep; ſo that a cart of 
theſe dimenſions will juſt hold 27 ſolid 
feet, or 1 ſolid or cubic yard, of marl; 
and is accounted one load, and drawn by 
2 horſes from the pit to the field. | 
The day's work is ſo many thouſand 
loads, according to the number of hands 
employed, — 
They begin in the morning at three 
o'clock or before, and leave work about 
three in the afternoon. They have two 
men in the pit called feyers, and the reſt 
fillers; and in the field there is a man (or 
two if the work is large) called a ſetter, 
that is, directs the driver of the cart where 
to empty his load, and there the ſetter 
| ſpreads the marl thin upon the ground, 
and thus it lies till the next ſpring, when 
they plow, it up and ſow it with oats, This 
| | way 
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way of manuring the land is counted the 
beſt, becauſe it wilt endure many years, 
without any other repair. 
When the marlers have finiſhed, they 
ſet a day apart to drefs the pit, which they 
do with flowers, and the drivers and horſes 
are drefled with poſies or noſegays, at 
Vhich time there is a good feaſt provided, 
with a fine poſie or garland dreſt with 
plate, rings, watches, &c. (aſter the man- 
ner of milk-maids on a May- day in London) 
prepared by ſome of the country maids, 
which they bring to the pit, and preſent 
ir *to the young man that drives the maf- 
ters team, he having the honour all that 
day to hold the poſie or garland; which is 
reckoned among them a very . piece 
of honour.” 8 
After this the workmen and maſter, agree 

to make' choice of ſome able ſurveyor to 


meaſure 
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meaſure the pit, which is done by the 


| following 


R U *. E. 


. 


Reduce the ſurface of the pit into tra- 

peziums and triangles, by the help of ſome 
good packthtead, then meaſure the baſes 
and perpendiculars, in feet and decimal 
parts; and alſo take ſeveral depths in the 
moſt convenient places (as your own judg- 
ment will beſt direct) in the like meaſures, 
in order to obtain a mean depth. Find 
the area of the whole furface, and multi- 
ply it by the mean depth, gives the content 

of the whole in feet; divide this by the 

feet in a rod, and the quotient will be the 
15 anſwer in rods and decimal parts. 


Ex AUrlzE. Suppoſe figure 45, plate 1, 
n. the n of the top ſur- 
face 
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face of a marl-pit, whoſe dimenſions in 
feet and decimals ſtand thus; 


Depths. | CH AE | FG 
„ „l 70 3575 
2 6,8 — . ——— 
ale 
5 | x0,6 4 42,5 
. 
7 | 14,7 5 ) 
Ss I 168} D-1 CE 
9 | 15,8 5,2 31,5 
Sum 98,3 —.— - — 


| Now 98,3 the ſum of the depths divid- 
ed by 9 the number taken, oives 10,92 for 
the mean depth. And the area of the 
trapezium A C E F S 2310, and the tri- 
angle e B = 85, allo the triangle 
C ED=81,9, and their ſum = 2476,9 the 
| Whole area; which multiplied by 10,92 
the mean dopth gives 27047,748 the con- 


tent 
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tent in ſolid feet. And this divided by 
27, the ſolid feet in a load, gives 1002 
loads; and alſo divided by 1728, the ſolid 
feet in a rod, gives 13,652 rods, which at 
twenty ſhillings a rod, amounts to 150. 
135. Ozd. | 

But according to BURNS, the ſolid feet in 
a rod are 1944, - conſequently the pit con- 
tains but 1 3,907 rods, and it's amount 
but 131“. 18 5. 14 d. 


3 


— 


Remark. The above method of finding 
a mean depth, is ſubject to very conſidera- 
ble errors, not only 1n the meaſuring of 
marl-pits, but in many other parts of men- 
ſuration. And therefore to obtain a true 
mean depth, it is beſt to proceed thus : 
take the depth at proper places on both 
diagonals, noting down at what diſtance 
they are taken from the end of the dia- 


gonal 
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gonal (in the ſame manner as taking off - 
ſets on the ſtation lines) then protract the 
dimenſions of each diagonal, and find a 
mean depth geometrically, in the ſame 
manner as directed to find a mean off-ſct, 
(ſee the remark at the end of the firſt ex- 
_ ample, fect. 8.) add together the mean 
depths ſo found on each diagonal, and 
take half their ſum, wall give a correct 
mean depth. 


EXAMPLE. Suppole the dimenſions 
taken upon the diagonal A E, as follows : 


Length on 
diagonal Depths. 
O 442 
2”. os 
40 $00 
60 44. 
70 5 16,8 


Theſe 
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| Theſe dimenſions protracted from a 
large ſcale will give ABGED . (fig. 
46.) in which AB repreſents the diagonal 
line, and CDE F G the bottom of the 
pit under the diagonal; A C, a D, E, 
cF, and B G, the different depths, which 
ſtraightened gives A H, | biſect BH in I. 
ſo ſhall B I be the mean depth on the dia- 
gonal AE (ig. 45.) 10,5 feet. But the 
ſum of the depths on this line divided by 
their number, VIZ. 5, given 11 feet for the 
mean. | | 
Proceed in the ſame mans 
other diagonal. 5 
N. B. If more exactneſs is required, 
| find the area of A B GF E D C, (fig. 
46.) arithmetically, as if it was an off, ſet; 
divide this area by the length of A B, and 
the quotient will be equal B I, the mean 
depth. 
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07 Loobing for the conducting of water, either 


& 


in pipes or canals, 


EVELING is the finding a line 
parallel to the horizon, at one or 
more ſtations, and ſo to determine the, 
height of one place with regard: 40; 


another. CCC 

A truly level ſurface is a ſegment of any 
W ſurface which is concentric to 
the globe of the aun; Bae of ſuch is the 
ſea. „ 


ä A true 
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A true line of level is an arch of a great 


circle which is imagined to be deſcribed 
upon a truly level ſurface. 7 
The parent level is a raight line 
drawn tangent to an arch or line of true 
level. Thus let R A H, (fig. 47, plate 11.) 
be the arch of a great circle of the earth, 
C its centre. R H the rational horizon to 
a perſon at A; then BAD is the line of 
apparent level, being a tangent to the 
arch E AF, of true level; and 9925 . 
lel to the rational horizon R H. 3 


Every point off the apparent level, at 


cept the point of contact, is higher than 
the true level; for B is farther from C 
than A is, and I is farther than B, Kc. 
therefore the greater the diſtance from A, 


the more the apparent level differs from 


the true. 
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If two points E and F be equally diſtant 
from A, then will che difference of the true 
and apparent level be equal at each place, 
that is B FD E:; but if the two points be 
at unequal diſtances from A, as E and I, 
then will the difference of true and appa- 
rent level be different; for I G is greater 
than DE. And therefore in ſuch caſes it 
is neceſſary to know what the difference 
between the true and apparent level is for 
any diſtance from A, and may be found 
thus: . 8 
Suppoſe the diſtance of A B be one mile, 
then in the right angled. triangle B A C, 
is given B A = 1 mile, and AC= 4000 
miles = the earth's ſemi-diameter, to find 
BC: now (per. 47. Ev. 1.) the ſquare of 
AC + ſquare of AB = ſquare B C 
16000001 whoſe root is 4000, oo0 12 5 BC, 
and A Cor FC taken from B C, leaves 
. B F, the 
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B F, the difference of level at B equal 
0, 000 12 5 parts of a mile = 7,92 inches, 
or 8 inches very nearly. Therefore the 
apparent. level exceeds or is higher than 
the true level by 8 inches = BF, at the 
diſtance of one mile from A J and as AC 
is conſtant, it will be as the ſquare of A B 
is to F B, ſo is the ſquare of AI to GI. 
Kc. and by taking A B = 80 chains the 
following table was calculated, ſhewing 
the difference of true and apparent level 
from 5 to 100 chains diſtance. 

It may be proper to obſerve here, that 
if a canal of a mile or 80 chains in length 
was to be cut from A to B, that the bot- 
tom of the canal muſt be a curve line de- 
viating all the way from A to F, from the 
apparent level; where F muſt be ſunk 8 
inches lower than B, and ſo in proportion 


to the diſtance of the levelling inſtrument 
at 
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al A; as may | be ſeen in the follow- 
ing table. 


Diſt. in|Dif. ſev.Diſt. in. Diff ſev. 


Chains. Sub. In. Chains. Sub. In. 
s , % 55 | 3.78 
10 di 60 | 45 
I5 0,28 | 65 | 5,31 

a0 0,5 70 | 6,12 
25 0, 78 75 | 7,03 

920 3,12 80 | 8, 
35 1,5385 5 9503 
40 25 go 10, 12 

| 45 | 2,3 95 | 11,28. 

| 50 | 3-12) 10 | 12,5 | 


This I thought neceſſary to premiſe be- 
fore I entered upon the deſcription of the 
infiruments made uſe of, the method of 
adjuſting them, and the practice of level- 
ing. . | | þ 
The neceſlary inſtruments are a level, 
ol which there are ſeveral ſorts; two ſta- 
tion ſaves, and a chain. — 


X 3 of 
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in L EF RI 


There are many ſorts of levels, but ! 
ſhall confine my deſcription to one of the 
beſt ſort (ſee fig. 48.) which conſiſts of a 
braſs achromatic teleſcope A, 6, 9, or 12 
inches long, ſhewing objects i in an erect po- 

ſition, and taking in as large a field of 
viewias poſſible; ; In the focus of the glas 
/ next the eye when uſed, is fixed an hori- 
zontal hair to cut the object in time of ob- 
ſervation: the glaſſes ſhould all be fixed 
in cells, and theſe cells fixed by ſcre vs, 
and not to be taken out as long as can be 
avoided : the object glaſs ſhould be fixed 
in a ſhort tube, ſliding within the other 5 
tube to have a ſmall motion for adjuſting 
the focus of diſlinct viſion to all diſtances, 
by the help of a ſcrew, in the ſame man- 


ner 
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ner as the ſmall Jn of a . 

teleſcope is moved. in 
Upon the celeſcope' is "EY a ſmall braſs 
tube B, within which is a glaſs tube, filled 
nearly full with ſpirits of wine or oil of tar- 
tar, theſe not being liable 10 freeze; - and 
hermetically ſealed at each end, and the 
braſs tube is filed away on the upper fide, 
ſo that the glaſs tube and the bubble of 
air moving from end to end may be ſeen, 
which bubble is the direction for ſetting 
the inſtrument. The bore of the tube and 
length of the bubble ſhould be greater ac- 
cording to the degree of accuracy requir- 
ed; for the larger theſe are, the friction 
will be leſs, and the motion more ſen- 
ſible. , 
The teleſcope is fixed upon a braſs bar, 
underneath which is a ſocket for fixing it 
to the adjuſting plates C, and three-legged 
X 4 ſtaff; 
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ſtaff; the bubble is readily brought to reſt 
in the middle of its tube, by means of the 
four ſcrews in the adjuſting plates. 


Of the Station Staves, 


In the practice of levelling we muſt have 
two ſtation ſtaves each ten feet long, and 
divided into feet, inches, and tenths, and 
: figured accordingly. 


Upon each ſtaff is a vane made to ſlide 


up and down, and allo to ſtand againſt 


any diviſion on the ſtaff by the help of a 


ſpring. Theſe vanes may be three or four 
inches wide, and ten inches long; they 


may be divided (by 2 lines) into three 
equal ſpaces, and let the two extreme 


ſpaces be painted white; and let the mid- 


dle ſpace be divided alſo into three ſmaller 
equal ſpaces, and let that in the middle 
3 be 
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be painted white, the other two black, 
which will render them fit for all diſtances, 

T ſhall ſay nothing of the chain here, as 
it has been explained in the foregoing part 
of this work. f\ 
Being thus provided with a level, two 
ſtation ſtaves, a chain and two aſſiſtants we 
may proceed to the work ; but firſt it will 
be neceſlary to try whether or no the leyel 
be well adjuſted, 


of adjuſting the Level. 


Chooſe a large held or meadow, that is 
nearly level, and ſet down the inſtrument 
about the middle ; from which meaſure 

out a right line of any convenient length, 

as ſuppoſe 20 chains from A to B, (hg. 

49. ) and in the ſame direction meaſure 20 

chains 
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chains more from A to C, ſo ſhall BC be 
40 chains diſtant ; let one aſſiſlant with 
his ſtaff be left at C, and the other go to 
B, whilſt you return to the inſtrument at 
A, and adjuſt the teleſcope at right angles 
to the line B C, ſo as the bubble may reſt 
in the middle or mark in its tube ; then 
turn the teleſcope towards your aſſiſtant at 
C, and make the bubble reſt in the mid- 
dle, and obſerve where the hair in the tele- 
ſcope cuts the ſtaff, and direct your aſlifl- 
ant to move the vane up or down till the | 
hair cuts the middle thereof. | 

In like manner direct the teleſcope to 
rhe other aſſiſtant at B; and let the vane 
be placed ſo that the hair in the teleſcope 
cut the middle of it, when the bubble reſts 
in the middle of its tube, ſo are the vanes 
placed in a true level or horizontal plane. 


Remove 
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Remove the inſtrument to that aſſiſtant 
next the ſun, that you may have the ad- 
vantage of its rays (if it ſhines) upon the 
other aſſiſtant's vane, and there ſet down 
the inſtrument as near the ſtaff as you can ; 


then having ſet the inſtrument horizontal, 


ſo that the bubble reſts in the middle of its 


tube; obſerve what diviſions on the ſtaff 
above or below the middle of the vane, 
are even with the axis of the teleſcope; 
for ſo many diviſions muſt the other aſſiſt- 
ant's vane be raiſed or depreſſed, which 
direct him to do accordingly : as ſuppoſe 
the inſtrument be moved to B, and when 


adjuſted, the axis or center of the teleſcope 
is 1 foot 6 inches above the middle of the 
vane at B, then muſt the vane at C be 
raiſed 1 foot 6 inches to make it in a true 
level with the axis of the teleſcope. 


But 
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But as the inſtrument muſt ſhew the ap- 
parent level, and this varying all the way ti 
from B to C from the true level, being ſo te 
much higher as the diſtance 1s greater; 
therefore at the diſtance of C from B, viz, 
40 chains, it is by the foregoing table 2 
inches higher; conſequently the vane at 
| C muſt. be raiſed 2 inches above the true 
level of the centre of the. teleſcope. | 
Nou direct the teleſcope to the vane thus 
Taiſed, and, if the hair cuts the middle 
thereof, while the bubble reſts in the mid- 
dle of its tube, the inſtrument is right; 
but if not, you muſt raiſe or depreſs the 
teleſcope (by the adjuſting plates) till the 


hair cuts the middle of the vane; and { 
then by the help of the ſcrews that fix the 
level tube to the teleſcope, make the bub- | 


ble reſt in the middle of its ſaid tube; ſo il 
is the level adjuſted. 
5 : And 
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And now you-may proceed to the prac- 
tice of levelling, for the conducting of was 
ter from one place to another. 59628 


| ns * 8 


EXAMPLE I. Let it be required to know 
if water can be brought from a ſpring at 
A to a houſe at B, (fig. 30.) either by pipes 
or A canal, &c. Firſt plant the inſtrument 
at any convenient diſtance from the fpring, 
as 100 or 200 yards, or ſuch a diſtance as 
you can conveniently ſee the flation flaves, 
one being placed by an aſſiſtant at the 
ſpring, and the other about the ſame dif- 
tance from the inſtrument towards B, as 
at lation 1. Direct the teleſcope (over 
two ſcrews of the adjuſting plates) at right 

angles to the line A B, and adjuſt the bub- 
ble; then direct the teleſcope to the ſtaff 
b, and adjuſt the bubble, and inſtruct your 
aſſiſtant to place the vane ſo as when the 
ſtaff 
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ſtaff is held perpendicular the hair in the 
teleſcope may cut the middle of the vane; 
enter in the field-book under back: ſight, 
the feet, inches and decimal parts, cut by 
the lower edge of the vane, viz. 4 feet, 
8,4 inches, (ſee the following field- book 
turn the teleſcope towards 5, and adjuſt 
| the bubble, and direct your aſſiſtant there, 
to place the vane ſo as when the ſtaff is 
held perpendicular the hair in the tele- 
ſcope may cut the middle of the vane; 


then enter the diviſions cut by the lower 
edge of the vane in your field · book under 


fore- ſight, ſuppoſe 5 feet, 10, 6 inches. 
Now place the inſtrument at ſtation 2, 


and let the ſtaff at / remain there ſtill, but 


let an aſſiſtant carry the ſtaff that Was at b, 


at the ſpring, forwards to / in ſtation 2; 
adjuſt the croſs level, that is, make the 


bubble reſt in the middle of its tube, at a 
7 right 
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right angle to AB; then turn the tele- 
ſcope to the remaining ſlaff f now marked 
b, and enter the numbers cut by the vane 
there, under back: ſight, viz. 4 feet 6,2 
inches, then look forwards to J in ſlation 
2, and enter the obſervation under fore- 
light, viz. 3 feet, 1,2 inches: do the like 
when the inſtrument is placed at ſtations 
3, 4, 5, &c. always taking care to keep 
the ſtaff in the ſame place when you looked 
at it for a fore- ſight, till you have alſo 
taken with it at a back-ſight; as fig. 50, 
will better explain than a multitude of 
words. | 
Being arrived at B, and having finiſhed 
your level, add up the column of back- 
ſights into one ſum, and the column of 
fore-ſights alſo into one ſum ; and the dif. 
ference between theſe ſums, is the diffe- 
rence of level between A and B; and if 
the 


U 
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the ſum of the fore-ſights is greater than 


| the ſum of the back-ſights, then B is lower 


than A; but if the ſum of the fore-ſights 


is leſs than the ſum of the-back-ſights, B 


is higher than A. See the field-book, 


+» FIELD-BOOK to ExAurLz I. 


0 Back-ſightss Pore-ſights. 
Stat.| F, JI, [Stat.] F. I. 
TC: Ü 0,6 

Bis ; 62 e322: It: | 

3 | 2 3, 34 : 10,5 

«8 3: a1;2 4-1-4: 6,2 

£1 2 1,0 | £14: 26 
5 „ 5:66: 

8| 4 10,5 8 6,2 
„%%  * 3097 1 lo : 6,0 1] 


| here the ſum of the fore-ſights is greater 


by 2 feet, 7,3 inches, therefore B 1s lower 
than A ſo much ; and if the diſtance from 
A to B be not more than 5 miles, the wa- 
ter may be brought very well; for expe- 

| , rience 
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rience ſliews, that water will run with a 
fall of 6 inches in a mile, nay ſome aſſert 
it will run with a fall of 4* inches in a 
mile. eee e e 
Note. In this example the inſtrument 1 
ſuppoſed to be placed nearly in the mid- 8 
dle between the ſtation ſtaves, and the dil- 


tances ſmall, ſo that there need no allow- 


ance for the difference of true and appa- 


rent level; or the earth's curvature, as it 
is commonly called. But in the next 
example it will be neceſſary to make uſe of 


the allowance as the foregoing table 
directs. 


ExAurLE II. Where it is required to 
find if water can be brought from a well 
on the ſide of che hill at A to the houſe at 

, (fig. 51). 


Y | Begin 
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Begin at the well A and meaſure to- 
wards B till you come to the brow of the 
hill at lation 1: ſuppoſe 30 chains, which 
enter in the column of diſtance, under back. 
 Ggbts, ſee the following field-book) and 
in the next column, againſt it enter the 
difference between the true and apparent 
level taken from the foregoing table, for 
the diſtance of 30 chains, viz. 1,12 inches, 
there place your level; and as there is a 
large valley, and a fight can be taken to 
the other ſide; let one of your aſſiſtants 


go over with his ſtaff, and the other return 


to the well, whilſt you prepare the level; 


which done, take your back-light {as di- 
rected tn the foregoing example); let that 
aſſiſlaut bring his ſtaff without altering the 
vane, while you make the obſervation to 
the fore- ſight; enter the diviſions cut by 
the lower edge of the back-ſight vane, in 
| the 
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the ſecond column of back-ſights. Take 
up your level, and meaſure on to your 
ſoremoſt affiſtant at /, ſuppofe 60 chains, 
which enter under diſt. in fore-ſights, and 


againſt it the dif. of level, VIz. 4,5 inches; 


alſo enter the diviſions cut by the lower 


edge of the vane 9 feet 2 inches; then 


meaſure on to ftation 2, fuppofe 20 chains, 
which enter, and alſo the difference of 
level for that diftance, viz. o, 5 inches, let 


one affiſtant go on to B, the other return 
| to b in ftation 2, while you place the in- 


ſtrument level; then take the back-ſight, | 
ſuppoſe o feet 6 5 inches, then the fore - 
ſight, and meaſure on to / in ſtation 2, 


ſuppoſe 30 chains, which enter, and alſo 
3,12 inches the difference of level for that 


diſtance, and then the diviſions cut by the 


vane, viz. 8 feet 11,2 inches, 


1 2 | Aud. 
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And thus may you proceed though the 
ſtations were ever ſo many, and the 


diſlance of A from B ever ſo great. 


Add up all the columns except the ſla- 


tions, then from the ſum of the heights 
under back-ſights, take the ſum of the dif- 


ferences of level under the ſame; the re- 


mainder will be the corrected ſum of the 
heights of the vane: do the ſame under 
fore · ſighhts; and the difference of theſe 
corrected heights, gives the difference of 


true level; and the ſum of the diſtances | 


under both ſights will be the whole diſtance 
alſo from A to 2 


FIELD. 


Id 


= 4 
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FIELD-BOOK to EXAPLE II. 
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Here the ſum of the heights of the vane 
in the fore-lights, exceed thoſe of the back- 
fights | 


ws Back- ſights. ä 8 | 
St. Ht. Dit Dif. lev.|'St.] Ht, v. Dſt. Dif. lev. 
F. In. Ch.] In. | F. In. Ch.] In. 
110: 3,3 30 1,12 19: 2 6 45 
220 | 204 65-: 28: 11,2 50 3,12 
4 957 50 1,62 | 18-: 1,2 1100 7,62 
1,62 | 7,02 | 50 
| POE „ 1 
| E : 8,08 17 5,58 160 
| 1-o : 8,08 | 
16 ; 9,5 | 


y 16 feet gi inches; and ſo much. 


is B below the true level of A; and the 


whole diſtance being 160 chains, which di- 


vided by 80, the chains in a mile, quotes 


12 


miles: 


inches in a mile. 


Y 3 


therefore the fall is 8 feet 4 ; 


Note, 
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Note. When water is to be brought in 


pipes, they may be laid near the ſurface of 
the earth, down through vallies, and over 


the riſings, provided they be not above 
the level of the ſurface of the ſpring, for 


ſhould the fall be very great from A to B, 


yet if there be a riſing in the way between 
them, higher than the ſurface of the ſpring 
or well; the pipes muſt be laid ſo much 
deeper, ſo as to keep them below the level 
of the ſpring. But if the water is to be 


brought in an open canal, the bottom 


thereof muſt be carried on nearly level, 


only allowing for the fall; and if the 
ground be up hill and down, it muſt be 
ſunk or raiſed accordingly, unleſs you can 


carry on the level by going round about. 
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77 Reducing of Plans ho a large feale to a 


ſmaller. 


inch, to lay down his rough or firſt 
draughts, in order to be the more exact in 
the performance thereof. 

But this ſcale will in general be too 
large for the neat plans or maps thereof ; 
and conſequently it will be neceſſary to re- 
duce ſuch plans to a ſcale of 3 or 4 chains 
in an inch; for the doing of which there 
| Y 4 are 


S I advifed the young furveyor to 


make ufe of a ſcale of 2 chains in an 


pn 
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are ſeveral methods made uſe of, or recom- 
mended by different authors. 
But I ſhall mention only two; the firſt 
is by ſimilar ſquares, and the ſecond by 
the pentagraph Or parallelogram. 15 


To reduce ce plots by f milar ſquares. 


Let I 52, plate 12, repreſent a plot of 
ſour incloſures laid down by a ſcale of 2 
chains in an inch, and it is required to 
reduce it to half its linear dimenſions; 
that is to a ſcale of 4 chains in an inch. 


Draw a line nearly acroſs the middle, 


with a black lead pencil, as AB, croſs it 


near the middle with another line as CD, 
and at right angles to the former; from 


the point of interſection o, lay off the 


equal diviſions 1, 2, 3 Kc. each way on 
the lines AB and 0 D, and through the 
points 


= Fae) 


-— am 


Fe) 
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points of diviſion draw pencil lines parallel 


to A B and CD, and they will form a 


number of little ſquares. 


Then upon the paper or vellum de- 
hgned for the new plot, draw two lines 
nearly acroſs the middle and at right an- 


gles to each other, with a pencil; from 


the point of interſeQion lay off the equal 


diviſions 1, 2, 3, &c. each way on the lines 


ab and 4 d, (fig. 33.) each diviſion here 
muſt be but half the length of thoſe on the 
old plot (fig. 52.) through theſe diviſions 
draw pencil lines parallel to a h and d; 


and you will have the ſame number of 


little ſquares (only half the length) as in 


the old plot. 


Now obſerving what ſquares and part of 


ſuch ſquares, the bounding lines of each 
piece or incloſure paſs through in the old 


plot; and make the ſame lines paſs 
5 through 
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plot; {lee fig. 53.) and you will have a 
fimilar plot of four pieces, and of half the 


linear dimenſions of the old one: and 


that occupies but one fourth part of its 
furface. 


And in the ſame manner may any num- 


ber of pieces be reduced; and in any pro- 


poſed ratio ; for it is only making the di- 
viſtons on the lines a h and ed in the 


given ratio to the diviſions on the lines 
AB and CD. 


Note. When the ſides of the incloſures : 
are drawn in the new plot, the pencil 


lines may be rubbed out with a bit of ſtale 
bread. | | 


A deſcription of the Pantagraph. 
Before 1 proceed to the ſecond method 


of reducing plots, viz. by the pentagraph, 
1 | it 


through the ſame ſquares, &c, in the new 
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it may not be improper to give a ſhort de- 


ſcription of that inſtrument; and how _ | 


thoſe that live in the country, and may 
not have an opportunity of purchaſing 
one, may conſtruc one for their own uſe, 

There are different forts, ſome very 
complex; but I ſhall only mention one of 
my own contriving; which I think is not 
only the moſt fimple, but eaſy and exact 
in its performance. It conſiſts of four 
ſtrips or rulers of deal or any other light 
wood; the longeſt of which A D, (ſee fig. 
54.) is 39 inches, and FD 27 inches; alſo 
GC and G E, are each 1 5 inches, and 
all of them 1; inches broad and ! of an 
inch thick. 1 

Having procured theſe rulers, draw a 
fine line down the middle of each ; then 
divide the ruler A D thus, make a prick 
with your protracting pin at A on the 
55 middle 
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middle line. an inch and half from the 
end; lay the edge of your plotting ſcale 


to the line down the middle, with o on 


the point A, and prick off 12 inches from 


A to B, do the ſame from B to C, and 


from C to D; alſo prick off the ſame diſ- 
tance on the rulers G C and G E; and 


on the ruler F D, from F to E, and from E 


to D; alfo prick off 6 inches from F or E 


to H; and with a center-bit fixed in each 


prick, bore holes of 4 or 5 centve, of an 


inch diameter ; and get 6 pins turned of 


ſome hard wood, and exactly to fit che 
holes ; the two at C and E may be ſhort | 


ones, with knobs on the top, and faſtened 
with wires through them on the under 
fide; the other four ſhould be near three 


inches i in the under. part, and turned with 


large ſhoulderings to keep them ſteady i in 


4 


the holes, and faſtened above with wires 


cloſe 
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cloſe to the rulers: that at D ſhould have 
a knob at the bottom: that at F called 
the fixer, ſhould have a piece of a lrong 
needle or pointed wire fixed in the lower 
end to ſlick into a table when. uſed: that: 
at G called the copier ſhould have a hole 
through the center or axis to ſlick in a 
pencil; and chat at B turned tapering to 
a point, which is called the tracer 

Now from this conſtruction it will 1 ain 
ly appear, that in any poſition or opening 
of the inſtrument, C D is equal and paral- 
lelto G E; and ED is equal and parallel | 
to G C, whence (I ſuppoſe) the name of 
parallelogram. | {Hood 

Let us ſuppoſe the inſtrument fixed on 
a level table by the fixer F, and the tracer 
B to be moved either along a ſtraight or 
curved line to b, then will the copier or 
pencil G, deſcribe a Une G g exactly ſimi- 


lar, 
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lar, but only of half che length; for as it 
is now fixed. G will always be in the mid- 


dle between F and B; that is, F G=G B. 
and F g=g ö; therefore as F B: GF:: F 5 
Fg; alſo as F B: FG B G g. but 


F G is=half F D; . G 5 is = 


half B b. 5 | 
Alſo obſerve, this . KG, : and 


will always be in a right line; and ſo will 


the points A, G, and H; for when B.is 


and C to c, and the other points to the 


correſponding ſmall letters; and if the 
right lines b F and a n be drawn, they will 


both paſs through the point g. 


From the above conſtruction and theory, 


the uſe of this inſtrument will become very 


plain and ealy ; eſpecially when the rough 
plot is ſmall enough to be hs oft at 


one operation, 


EXAM- 
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Exampus I. Suppofe it is 3equired to 
reduce the plot of the ſame four incloſures 
as ig. 3a, which were laid doun by a ſcale 
of 2 chains in an inch to one of 4 
chains in an inch, or te balf its linear di. 
menſions. | 
Fix the clean paper and-rough plot be- 
ſide each other, upon à level table witk 
| ſmall nails, (ſee fig. 35 and 56.) then fix 
the pantagraph on the table, by ſlicking 
in its fixer as at /, in ſuch place, as when 
the tracer b is moved over the rough plot, 
the.copier may move on the clean paper; 
then beginning at one corner With the 
tracer, move it gently along the lines 
round the rough plot, and the copier g 
will draw the ſimilar figure of half the 
length in the lines; lift up the tracer and 
copier a litile (taking care not to ſhift the 
fer) and OY the tracer to the croſs 


lines, 


2 —— 
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lines, moving. it along them all one by 


one, ſo will the copier draw ſimilar lines 


on the blank paper; and thus you eaſily 


obtain an exact reduced copy, in the ratio 


of 4 to 2, or 2 to 1. 


N. B. In the above example the tracer 


Ras moved over all the lines but one, and 
conſequently the copier has copied all but 
one; then moving the tracer b down the 


remaining line, and the copier g will draw 


the ſame on the reduced plot. 


EXAMPLE II. Let it be required to reduce 


the ſame plot two-thirds only, or in the 
ratio of 3 to 2; that is from a ſcale of 2 


to 3 chains in an inch. 


To perform this, the fixer muſt bi put 
in 1 hole at A, and the tracer in the hole 
at H; then proceed as in the foregoing 


example. 


| Sx 


EX 


th 


ir 


ry 


I 
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example. For it will be as AH; AG . 
3: 2. (fee fig. 54. — 


EXAMPLE III. Let the ſame plot be 
reduced in the ratio Of 6 to 2, or 3 to 1; 
that is from a ſcale ol 2 to 6 chains in an 
inch. 5 

In this caſe, the fixer muſt be put in the 
hole at H, and the tracer in the hole at 
A; then proceed as above, For now, as 
AH: GH:; „ 


EXAMuPLE IV. Let the ſame plot be co- 
pied off in the ſame bigneſs. Put the 
fixer in the hole G, and the tracer and 
copier in the holes F and B. Then is 
F GSG B; therefore the plan and copy 
will be equal. And if while the fixer re- 
mains at G, the tracer and copier be alter- 
nately placed at A and H, we ſhall have 
| Z A 
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AG: GH: i: 1; and 25 H AG 
*: 1:2, and in the ſame ratios will the 
plot be to the r 


N. B. If the copies already obtained be 


ſtill too large, they may be reduced over 


again, in any of the foregoing ratios; and 
thus you may obtain copies as ſmall as you 
pleaſe. | 


Alſo by changing the oa of the tra- 


cer and copier, in the foregoing examples, 


you may enlarge your weed in the ſame 
ratios. 


How to proceed when your, plot is ſo large 


that you cannot copy it off at one fixing of the 


_ pantagraph. 

Although this is generally the caſe, yet 

I do not find one author that has taken the 
leaſt notice of it. $4 


If 
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If your plot contains ſeveral hundred or 


| thouſand acres, it cannot be copied at one 


fixing of the pantagraph ; therefore in 
ſuch (and indeed in all) caſes it is beſt to 
copy your plot on cartridge paper, in the 


propoſed ratio you intend your neat map; 


and then copy it off again from this, on 


your vellum, by the directions given in the 
next ſection. 

Fix your blank paper on' a level table, 
if large enough, or elſe on a level boarded 
floor; then draw a pencil line acroſs the 
middle of it, continuing it a little on the 
table or floor; and alſo draw a corre. 
ſponding line acroſs your plot ; then fix 


it over your blank paper (except ſo much 


as you can copy off at one ſet) in ſuch 


manner, that the two lines juſt mentioned 


may coincide, or that on the plot lie exaaly 


over that on the copy, (ſee fig. 57.) this 
| 2 2 done 
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done, fix your pantagraph in the conti. 
nued line on the table, and copy off as 
much as you can. Remove the panta- 
graph, and fix it nearer the plot, but till 
in the ſame line ; alfo unfaſten your plot, 
and double under the part copied off; then 
fix it again in ſuch manner, as to copy as 
much more as you can, but particular care 
muſt be taken to fix it ſo, that the croſs 
lincs may exactly coincide, and the tracer 
being moved over ſome of the lines on 
the plot which are already copied off, the 
copier may exactly trace the fame lines on 
the copy. 
And thus by ſhifting and | doubling un- 
der ſlill, what is copied off; you may 
copy any plot, though containing ſeveral 
thouſand acres; and in any of the fore- 
going ratios with the greateſt exactneſs. 


N. B. But 


bd. Adi 


D: 


+ 
o 
+ 


_m 
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N. B. But when ſuch large quantities 
of land are to be meaſured, and maped; | 
it is beſt to divide it into ſeveral different 
maps, and form them into a book. 


SE. C TIN 


Of MAPING © 


3 Y the article maping, I mean to give 


a few directions for drawing out the 
neat map; for which purpoſe, ſome make 
uſe of paper paſted on cloth or canvas; 
others uſe vellum, which I alſo prefer. 
Having reduced your plot by the laſt 
ſection to its intended bigneſs; lay your 
clean paper or vellum on a ſmooth table, 
and your reduced plot a-top on it; then 
2 3 lay 
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lay weights or books on the top of them, 
while you with your protracting pin prick | 

through every corner. bend, gate, ſtile, 

' houſe, pool, river, &c. on your plot; 
theſe pricks or points will plainly appear 
on the vellum, then with a black lead 
pencil trace out the lines from point to 
point, turning up your plot by little at a 
time, and compare it and the copy as you 
go on. If any miſlake ſhould happen, 
take care to correct it. And thus with 
care you may eaſily and expeditiouſly copy 
off any plot of the ſame bigneſs, though it 
contains ever ſo much land. 

Having transferred your plot to the vel- 
lum, take 1t oll, and trace over all the 
pencil lines with a fliff fine nibed pen, and 
good India ink. Make the repreſentation 
of gates, ſtiles, hedges, buſhes, trees, foot . 
and cart roads, (making a ſingle dotted 

line 


line for a foot, and a double one for a cart 
road) pools, rivers, houſ es, Kc. in their 
proper places; obſerving to place the tops 
of the houſes, trees, gates, &c. all one way, 
which is generally towards the north. Let 
the houſes, &c. occupy no more ſpace than 
their ground plot. If the hedges, trees, 
| houſes, rivers, pools, &c. be neatly ſhaded 
with India ink; it will add greatly to the 
beauty of the map. In the middle of each 
incloſure, you may write its name and 
content, in acres, roods, and perches . 0; 
elſe a number referring to a table of 
names and contents. Likewiſe in a, va- 
cant part inſert the title, neatly wrote 
within a compartment, properly orna- 
mented; and alſo in another place add the 
| ſcale ſuitable to the map, with the points 
of the compaſs ſhewing the ſituation of the 
land, and other remarkable objects 
TR But 
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But to do all this well, the ſurveyor 


ought to be well acquainted with the art 
of drawing. 


N. B. Finiſh the whole of your neat 
plan with good Indian ink. 
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APPEND 
CONTAINING THE THEORY OF THE 
CATOPTRIC SEXTANT: 


And ſome further Uſes in taking HErGars, 
DisrAxcks, Kc. and in meaſuring Sraxn- 
ING Trunzr, &c. With the Ufe of the 
SLIDING RULE in caſing ub LAND, Cc. 


S8 EN 
Of the Theory of the Sextant. 


"3 UPPOSE G fig. 1, (Appen. ) be 3 
| plane, mirror, or piece of a looking 
0 EO „„ glaſs; 
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glaſs, and an object be placed directly be- 
fore it as at A, it will appear by reflection 
to an eye at A, as far behind the glaſs, 
and in the ſame direction as at B. 

2. If an object be placed at C, 14 a ray 
iſſuing from it fall obliquely upon the glaſs 
G, it will be reflected in the direction 
8 D; and an eye at D will obſerve the 


image of C, at E, as far behind the glaſs as 


C is before it. 
3. And ſuppoſing A G perpendicular 


to the plane of the glaſs, then the angle 
AG. C is called the angle of incidence; 
and the angle A G D the angle of es : 


tion : and theſe two angles are in all caſes 


equal each other ; that is the angle of re- 


flection is ever equal the angle of inci- 


dence; and upon this property of catop- 


trics depends the whole theory of the 


ſextant. 


4. Sup- 
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4. Suppoſe A B M fig. 2, (Appen.) be a 
ſextant, A the index glaſs, and C the ho- 
rizon glaſs, AB the direction of the index 
when it ſtands at o, or the beginning of 
the diviſions, and A P perpendicular there- 
to; then an object or ray falling on the 
index glaſs in the direction of the horizon 
HA will be reflected in the direction AD, 
making the angle P A D equal the angle 
PA H (by 3). but the horizon glaſs being 
placed at C, and parallel to the index glaſs 
As, it will obſtruct the reflected ray AD, 
and reflect it back in the direction C I, 
parallel to HA or the horizon; for the 
angle H A C equal the angle ACTI; 
therefore the object ſeen through the un- 
filvered part of the horizon glaſs, and its 

image ſeen in the ſilvered part, will ap- 

| pear to coincide, or both be ſeen in one 
and the ſame place, by an eye at the fight 
vane 


* 
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vane at I: nd in this caſe Ki inſtrument | 


is ſa d to be adjuſted. | 
5 Again, ſuppoſe an incident ray SA 


from the fan or ſtar S, (or from any other 


objeR) falls on the index glaſs in the di- 
region 8 A, (fig. 3.) and it is required to 
find the motion and poſition of the index 


and glaſs, to reflect the image of the ſame 


to the horizon H A. 
6. Nov in order to do this, the index 


glaſs muſt be moved into ſuch a poſition, 
as to reflect the incident ray 8 A to the ho- 
zon claſs C, making the ſum of the an- 
gles of incidence and reflection equal to 
the angle SAC . therefore biſect the an- 


gle S AC in P, and draw A, and per- 


pendicular thereto draw F E, and it will 


be the poſition of the index glaſs; and 
alſo of the index hikewiſe ; and ſhews 


that the motion of the index is equal 
T* ” the 


SE 


th 


Src. I. TEE SEXTANT. 949 
the angle B A E. e half che angle 
SA G. 
7. For rann PA e to 
the index glaſs when the index is at o, and 


17 L be made equal P K; then will the 


angle K A L equal the angle LA D, equal 
half the angle SAG: but the angle 
LAK is equal the angle þ AP (by con- 
ſtruction) and alſo equal the angle BAE, 
the motion of the index. 5 
38. And as this motion is but half 1 
meaſured angle 8 A G, is the reaſon Why 
the ſextant or ſixth part of a circle is di- 
vided into 120 equal parts, called degrees; 
but in fact are only half degrees. 

9. If the inſtrument be properly con- 
ſtructed, fo that the viſual line I C may 
| paſs cloſe by the, index glaſs, and not, as 
is generally the cafe, at the diſtance of one 
third or more of the inſtrument's radius; 

5 den 


350 Tux THEORY or (Arrkx.) 


then when the horizon glaſs is parallel to 


the index glaſs, an object and its image : 
will appear to coincide not only at the diſ. 


tance of half a mile or more, but even at 
the diſtance of 20 or go yards or leſs. 
10. But this will not be the caſe in dis 


common conſtruction, where the viſual line 


I C is 6 inches or more from the center of 
the index glaſs; for if the inſtrument be 
adjuſted by an object at the diſtance of 
half a mile or more, and then it be com- 
pared with an object at the diſtance of 20 
or 30 yards, the image will not coincide, 


but fall or appear a little to the left of the 


object: and ſo much will be the error of 
the angle meaſured between any two near 


objects; and the nearer the object taken 


directly (or that view d through the hori- 
zon glaſs) the greater the error. 


* 8 11. For 


th 
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11. For let it be required to meaſure 
the angle DA G (fig. 3.) now ſuppoſed 
an horizontal angle, and D and G two 
near land objects; and G is the object 
viewed directly. Alſo ſuppoſe K and H 
are two other objects in the ſame right | 
line A G, but at different diſtances from 
A; then if the image of the object at D. 
be brought to coincide with the object at 
G, it will appear to the left or beyond the 
object at K, and to the right or ſhort of 
that at H, from an eye at I; notwith- 
ſanding D makes exactly the ſame angle 
with all three, from the center of the in- 
dex glaſs at A; and the error of the angle 
between D and G, is equal the angle 
16 A; alſo the error at K is the angle 
IK A; but the angle I K A is greater 
than I GA or 1 HA, and conſequently 
the nearer the direct object, the greater 
the 
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the error; and alſo the farther the viſual 
line I C 1s from the center of the index 
glaſs, the more 1s the error increaſed. 
PY ſhall next obſerve that a very pe- 
culiar circumſlance attends this inſtrument, 
and that is, that the error I have juſt been 
5 ſpeaking of, may be corre at the time 
of taking the angle. 
13. For if the ſextant be adjuſted to the 
near direct object at G, by ſetting the index 
at o, and looking at the direct object; 


and if its image does not coincide, move 


the horizon glaſs round a little on its cen- 


ter, till they do exactly coincide; then the 


a 


image of D being brought to eee with 
G, the index will ſhew the true meaſure of 
the angle D A G. 5 

14. Or if the ſextant has been ad 
adjuſied by a diſtant object; and when 


— with the near 4 object, the 


image 


— * * ! 


Che 
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image does not coincide ; move the index _ 
a little back till they do exactly coincide;;, 


and then the minutes contained between 
o on the index, and o on the limb of the 
ſextant, will be the angle of error IGA;, 
and in ſuch caſe is always to be added to 
the angle ſhewn by the index when the re- 
lected image of any object at D is brought 
to coincide with the direct object at G; 
and their ſum will be the true angle 
DA G. 
15, 'From the foregoing theory, it is 


eaſy to obſerve another very material fault 


in the common conſtruction of the ſea oc- 
tant, or more eſpecially the ſextant'; and | 
that is by placing the horizon glaſs and 
ſight vane ſo far from the line A H., 
(ig. 3) that it makes the angle HA C 
very conſiderable; and the ray AH has 
likewiſe a conſiderable angle of incidence 
; Aa HAP, 
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HAP, when no angle is meaſured, but 
when the index ſtands at o: and conſe- 
quently when any angle is taken, the ob- 
liquity of the incident ray is always in- 
creaſed by this angle of incidence HAP. 

16. Therefore in great angles ſuch as 
from 115 to 120 degrees, the increaſed 
angle of incidence is fo great, and falls ſo 
oblique on the index glaſs and paſſing 
throuzh ſo much of the glaſs, that the 
Image becomes ſo faint, as to admit of a 
ſecondary image reflected from the firſt or 
unfilvered ſurface of the index glaſs: and 
may ſometimes occaſion conſiderable er- 
rors: but in ſuch caſes it is beſt to mea- 
ſure che angle at twice; as directed i in _— 
foregoing part of this work, iection” 3. 1 
the uſe of the fextant, . 

| 17. But obſerve, what 1 have ſaid here 

concerning the ſecondary image, is with 


- 


regard 
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regard to terreſtr ial objects only: for in 


_ 6bſervations of the ſun or moon, there will 1 
always be a complication of i images; owing! 


to the many refractions and refleQions of 
ſuch bright objects i in paſſing from the dif- 


ferent ſurfaces of the glaſſes. e 


18. Care ſhould be taken that the olaſſes 
are placed perpendicular to the plane of 
the inſtrument; and to know this, ſet the 
index near 60 on the limb, then look in 
che index glaſs for the image of the limb 
of the ſextant; and obſerve, if both the 
image and limb coincide, this glaſs is per- 
pendicular; otherwiſe not. | 

19. The horizon glaſs may be proved 
every obſervation thus: hold the ſextant 
in an horizontal poſition, and look at any 
ſmall diſtant object or a white ſet up, and 


fee if the image and object appear cloſe 
together, (the index being at 0) if they do, 


Aa 23 = this 
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this glaſs is right; but if the image appear 
in a perpendicular line at a conſiderable 
diſtance, either under or over the object; 
this glaſs is not perpendicular to the plane 
ol the infirument, and therefore ſhould be 

correcte. 


20. I have taken no notice of the hori- 
zon glaſs, for what is called the back ob- 
ſervation; as it is of no uſe to the ſur- 
veyor; nor would it be of any, I think, 
to the navigator, if my new method of find- 
ing the longitude at ſea, was made public. 


SECTION 


7 1 -. 
.$SECT-10 NM 


Of the uſe of the [extant in taking of 'heights 
and diſtances, by a new method, independent 
of trigonometry. 


21. FJ HE height or diſtance of any ob- 

ject may be found very expedi- 
tiouſl and exact; by help of the ſextant, 
joined with the following ſmall table of 
angles. | | 


A TABLE for e Heights and D benen 


Mul.“ Angle. Angle, Div. 
{ 1 | 452,00! 45% %% 1 
| 2 63 „ 26 26 „ 34 2 | 
3 71 „ 3418 „ 20 I 
14 75 „ 5814 „ 2 4 
5 78 541 || II ,, 19 : 5 | 
680 „ 32 | 9 , 28 | 0 | 4 
882 „52 7,,08 |.8 | 
1410 | 84, 17 5 „43 o f 


A PRO- 
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roy . E N i. 


22. To nd the height of any acceſſible ohjecl as : 


a tower, chimney, tree, Kc. the ground being 
nearly level, 


R 0 * 2 


Make a mark with chalk; or ſtick up a 
bit of white paper, equal the height of the 
eye from the ground, upon the object 
Then ſet the index of the ſextant to any of |; 


| the angles given in the above table; and 
walk from the ſaid object till the image of 


its top appears at, or coincides with the 
| chalk mark , then if the angle made uſe of, | 
be greater than 45 degrees; multiply your 
diſtance from the. object. by the figure inn 
"oy 20% column ſanding — the angle : 


made 
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made. ule of: but if che angle uſed be leſs 
than 45 degrees; divide your diſtance by 
the figure in the laſt column ſtanding 
againſt the angle made uſe of. And the 
product or quotient will be the height of 
the object above the mark, accordingly Ex 
to which add the height of the mark (or of 
your eye), and the ſum will be the whole 
height of the object from the ground. 

2 3. It the ground be unlevel, the mark 
may be fixed by help of the ſpirit tube, as 
directed in the 3d ſection of the foregoing 
ban of this work. 


24. EXAMPLE. To find the height ot; 
the tower A B, (fig. 4.) Having fixed 
the mark E, firſt ſet the index of the ſex- 
tant to 442,,00', then walk back from the 
tower, ſuppoſe to the point C, till the 
image of its top coincides with the mark 

A2 4 E the 
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E, (the ſextant- being held in a vertical 
poſition), then meaſure the diſlance C E, 
or its equal D A, ſuppoſe 30 yards; and 
this will be equal the height of the tower 
above the mark E; for the figure in the 
table againſt the angle 43? is 1, and there- | 
fore the diſtance D A, multiplied or . 
ed by 1, makes no alteration, 
Secondly, if the index be ſet to 6 3 „ 26. 
and you walk back, ſuppoſe to F, when 
the image of its top is brought down to E, 
then meaſure the diſtance F E or its equal 
GA, and it will be found 15 yards, and 
this multiplied by 1 (the figure in the firſt 
column againſt 63, 26“) gives 30 yards or 
go feet as before, for the height B E; to 
which add A E, ſuppoſe 5 feet. and the 
fam will be the whole beige of the tower, 
N 95 feet. LO? N 


$4. Note. 
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1692 Fo Note. The ſextant muſt be adjuſted 
1 article 13, (if neceſſary) in the above 
and all ſuch caſes, to the diſtance D A, 
or GA. | 855 


PROBLEM IL 


26. To meaſure its height of any inacceſſi- 
lle object, and a 6 a to n ils d Nance at the 
bene time. . 8 


0 LM” 


Set the index of the ſextant to the 
greateſt angle in the table, that the leaſt 
| diſtance from the object will admit of, 
when (by moving a little backwards or 
ſorwards) the image of the top of the ob- 


ject is brought to a level with the eye; 
and a at t the place where this -happens, ſet | 
| 8 


362 Nzw METHOD or 


(ArrzN.) 


up a white equal to the height of the eye. 


Tnen ſet the index of the ſextant to any 


one of the other leſſer angles in the table, 
and go back in a direct line from the ob- 
ject, till its top is depreſſed to a level with 
the eye, or to the white before ſet up ; 
and here ſet a mark alſo; meaſure the 


diſtance between theſe two marks, and this 


diſtance divided by. the difference of the 


figures in the laſt column ſtanding againſt 


each angle made uſe of, the quotient will 


give the height of the object above the 
height of the eye, 


| 27. 4nd for the diſtance. _ ” 
Multiply the height of the object, by 
the figure Banding againſt either of the an- 


where ſuch angle was uſed. 
Us EXAM- 


gles made uſe of, and the product will be 
the diflance of the object from the place 


CEC. 
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Er 


28. Suppoſe AB (fig. z.) be a ſection 
of the wall of a fort, which is ſurrounded 
by a ditch, whoſe unknown breadth is 
AC; and it is required to find the height 
Jof the wall, the breadth of the ditch, and 
the length of a ladder that will reach from 
the edge of the ditch to the top of the 
wall. | | „ 
Firſt take the altitude of the wall at C, 
ſuppoſe 62% 40ʃ, this ſhews that you can- 
Y not make uſe of a greater angle, therefore 
ſt the index of the ſextant to the next leſs 
in the table, viz. 44*,,00', and go back 
un the image of B is depreſſed to E (in a 
level with the eye) ſuppoſe to the point 1, 
where ſet up a White. Secondly, ſet the 
index to any one of the leſſer angles, ſup- 


poſe : 
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poſe 26% 3 , and go back in a direct line 
till the image of B is again depreſled to E., 
or to the white at the point 1; which ſup- 
poſe at the point 2 : meaſure the diſtance 
between the points 2 and 1, | ſuppoſe 34,8 
feet, and this divided by 1, (being the dif. 
ference of the numbers againſt 4, 00, 
and 26*,,34') gives 34,8 feet for the height 
of the wall; and this height multiplied 
by 1, the figure againſt the angle 45% 00, 
gives 34,8 feet for the diſtance of the wall 
from the point 1; ar the ſame multiplied 
1 by 2, the figure againſt the angle 269,,34,, 

gives 69,6 feet, the diſtance from the point 
2 ; then meaſuring the diſtance C 1, ſup- 
poſe 16,8 feet, this taken from A 1, leaves 
A C, the breadth of the ditch, 18 feet; 
and the length of the ladder CB is had 
(by the 47th Evc. 1.) equal 39,2 feet. 


: . | 9 * 
1 EXAM 
* 2 4 > 7 
£1 © &- — RE - 
— — 1. SY 1 6 s 
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EXAMPLE II. 


29. Suppoſe you could get no nearer 
the fort A B (fig. 5.) than the eins D. to 
ind the height and diſtance. : 

The greateſt angle (correſpondent to one 
in the table) that can be taken, is 26?,,3 4, 
nd the object hath ſuch altitude at the 
point 2. Set the index to 14” ORs. an 
the object's altitude will be ſuch at the 
point 4; meaſure the diſtance 4. 2, and it 
vill be found 69,6 feet; which divided 
by 2, (the dif. for angles) gives 34,8 * 
or the height; and the diſtance from the 


joint 2, is equal the height multiplied by | 
f equal 69,6 feet. | 
30. All which plainly appears From, 


iz. 5, in which 1, 2, 3, 4. &c. may be ſup- 
poſed to repreſent the bgures i. in the right | 
hand 


IM. 
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hand column i in the table, (for heights and 
diſtances). and their diſtance each equal 
the height EB; then the angles E 1B, 
E2B, E 3 B, Kc. are each equal their 
_ correſpondent angles; the fame as in 
the table. Drew e Bs 


E X A'M-P . E Ms: 


31. What is the perpendicular height 
of an hill whoſe angle of elevation at C. 
near the bottom (ſee fig. 6.) was 45, and 
in a direct line and level with the bottom 
ol it, at D the angle was 265. oe. | 
| Meafure D C, 98, yards, and that wil 
be equal C A, equal AB, the Height of 
the bill required. . 

32. Or if the angle A CB had been 
46% 4, and the angle ADB 18% 26 
(ſee the table) the diſtance D C would be 
the ſame, ak the height A B. 

33. The 
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33. The ſame would be produced with 
the a 185, 26, and TY 09%, "ey | 


EXAMPLE IV. 


34. Being on an . plane, and 
wanting to know the height of an object 


on the top of an inacceſſible hill: I took 


the top of che hill's elevation 45. at C, 


(fig. 7) and the top of the object's eleva- 
tion the ſame at D; then D C meaſured is 


35» 5 yards, the height of the object B 6. 


35. Or the height of the hill, and then 
the height of the hill and object together 
may be found by (5 1), and the hill taken 
from the whole, leaves the height of the 
object B E. 

E X AM U 
36. Obſerving the ſhade of a cloud paſs 
by me, and at 1/,,03" after, its ſhade fell on 


a ot 
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a ſpot at the diſtance of 230 yards ſrom 
me on a level plane; the cloud having 
5 paſſed over me; I obſerved, when its al- 
titude was 455 and 40. after I ob- 
ſerved its altitude 265, 34; hence the 
height of the cloud; and its dilance at | 
each obſervation is required. 

suppoſe A (fig. 8.) the place of obſerva- 
tion, and C and D the-cloud's ſituation at 
each reſpeclive obſervation ; ; then ſay, as 
1%, 05“: 250 yards,:: 4,,20" ; 1000 yards 
the cloud's motion in that time, Lanes CD, 
equal A B the perpendicular height of the 


cloud. Hence the diſtance A C or A D 
becomes known. 


. PROBLEM 


See. II. Hxrchrs AND DISTANCES. © 369 


PROBLEM III. 


To find the diſlance of any inacceſſible ob= 
jet from a given baſe line. 


Having choſen your firſt lation, Rick 
up a white; alſo at a proper diſtance, 
and at right angles to the object whole 

diſtance is wanted, ſet up another white; 

then ſet the index of the ſextant to any of 
the angles given in the table, greater than 

45; and go back, keeping the whites in 

a right line, till the ſaid whites coincide 

with the object, (or the object coincides 

with the whites) at which place, ſet up a 
mark and call it your ſecond ſtation : : 

meaſure the diſtance, between the ſtations, 
| hh and 
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and multiply it by the figure in the firſt | « 


column flanding againſt the angle made a 
uſe of; and the product will give the diſ- ˖ 
tance of the object from the firſt ſation. 4 
2 t 
Zh - Doe 


38. If the object be ſo ſituated that you | « 
cannot obtain a right angle or 9o?, at the 
firſt ſtation, with the baſe line; then uſe ? 
any one greater than 485, that is in the 4 
table; by help of which, ſet up the mark | 
at a diſtance. Set the index to any lefler 


angle given in the ſecond column 'of the 
table ; go back, keeping the Whites in a 
right line, till they coincide with the ob- 
Fw je; and there mark your ſecond flation; : 

then multiply the diſtance between the fta- 
tions, by the figure in the firſt column 
againſt the ge” at the fecond ſtation, 

oy divided 
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divided by the difference of the figures 
againſt each, angle and the product gives 
the diſtance of the ſecond ſtation from the 
perpendicular line, let fall from the object 
to the baſe line; - and this diſtance multi- 
plied by the ſaid figure againſſ the ſecond 
angle, will giye the perpendicular diſtance 
of the object from the baſe line. 3 
39. Or the diſtance of the ſtations, be⸗ 
ing multiplied, by the product of the two 
numbers (againſt the angles made uſe of) 
divided by their difference, will give the 
perpendicular diſtance of the object from 
the baſe line. Ii 
40. It may be more convenient ſome- 


1 4 1 


times to uſe the leſſer angle firſt, and then 
80 towards the perpendicular; in this 
caſe, the foregoing rule (38.) gives the 
diſtance of the perpendicular from the firſt 
ſtation: but the rule is general, always 
-Bbs  - ama 
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giving che diſtance of the perpendicular 
from the ſtation fartheft from it. 


44. But if particular angles (from the 
table) are made uſe of, as may in general 
be the caſe; a ſhorter rule may be de- 
duced; thus, if the angles againſt the 


multipliers 1 and 2, or 2 and 4, or 3 and 


6, or 4 and 8, or 3 and 10, are uſed for 


the two lations ; chen the diſtance of the 


neareſt flation to the perpendicular, will 


be equal to the diſtance between the two 
Aations ; and this diſtance multiplied by 
the figure for the neareſt ſtation, will give 


the perpendicular diſtance of the object 
from the baſe line. 


EXAMPLE 5 5 


42. A tree is obſerved to grow. cloſe to 


che further fide of a river as at B. (6g. 9. 


e 
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required the difliance A B of the tree, or 
breadth of the river. N 


Suppoſe A D a baſe line on the near 
fide of the river; find the point A where 
a perpendicular from B falls on this line ; 

find an angle ACB (equal one in tab. 13 
ſuppoſe 75 58“ then meaſure C A, ſup- 
poſe 20 yards, and this multiplied by 4, 
(the multiplier againſt 75 5580 gives 80 
yards for the diſtance A B, or r breadth of 

the river, : _ 


EXAMPLE © le 


43. Wanted the length A B (fig. 10.) 
of a pool, part of whoſe ſides could not be 
meaſured, by reaſon of bruſh wood, &c. 

At the end A erect the perpendicular 
baſe AD (by help of the ſextant), find an 
' B b 3 agg 
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angle A 2 B, 7$-.at% meaſure '$: A 2,24 5 


chains; and this multiplied by 5, (lee 


table) gives 11, 20 chains for the length of 


the pool A B. 


EXAM P. L E III. 


44. A ſhip coiling away due weſt, ſees 


a point of land nearly N. N. W. viz. 


63 „260 from che weſt; and after ſailing 


4 leagues or 12 miles the land hears due 


N. required the ſhip's diſtance from the 


land at each obſervation. 


Suppoſe B (fig. 11.) the, point of land. 7 
C the place of the ſhip at firſt, and A at 


ſecond obſervation ; then the angle ACB 
is 630 „26“, and CA 12 miles, which mul- 


tiplied by 2 gives A B, 24 miles, the ſhip's 


diſtance, at the ſecond obſervation: hence 
B C the diſtance at the firſt obſervation, 


is 


is 
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is had (by 47 Euclib. 1. r 26,8 
miles. 85 


Be wii = A C*=BC=26,8. 


EXAMPL E W 

4% Sous ſhips of war intend cannonad- 
ing a fort B (fig. 11.) but by the ſhallow- 
neſs of the water, are kept ſo far from it, 
chat they ſuſpect their guns cannot reach 
it; in order therefore to meaſure the diſ- 
tance, one of them ſeparateth, and failing | 
towards D, (making the angle B C D 
972,,08") until the angle BDC is y19,,34' , 
and found C D, his diſtance failed, to be 
Jo bays a mile. 


1802,,00! 


7 „08! 
, | Mul. 2 
ence is given 8 820% 520 | - ACB 3 N 
1 3 | 719,34 2 ABBA | a 


Bb 4 then 
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then (38.) 0,5 * 2 =.0,8 = AD, and 
0,8 * 3 =&B= 2,4 miles.; alſo A D 
CD= AC 2 0,3; and V AC* + A B* 
=B C 2, 58 miles the diſtance from the 
fort required. : 


8 A furveyor taking the map of a 
| river, ſees at a diſtance on the other fide of 
the river, a church B (fig. 12. 1 and a 

5 windmill E; whoſe diſtance from the 


river, and alſo from each other eee 
to know. 1 


At A he found the angle CAB gos, 
and CAE 73%,:8'; at C. the angle 

AC B 789k, 4, D C E 82 „2“; and 
the meaſured diſtance AC 30⁰ 1 5 


Firſt 
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Firſt then (37. ) AC =" 200 * 5 An | 
= 1500. Secondly (41.) AC = 300 = 
Cd, and C D 300 * 8 = ED = 2400. 
and BF=AD = 600, alſo EF = ED 
— AB = 900 ; then vVBEFEF = 
B E = 1081,9 yards. 

47. If AB E C (bg. 12.) repreſent the 
ſides of an incloſure, whoſe content and : 


plot may be wanted; but the ſurveyor 
not permitted to go nearer chan a publick 

road joining the ide A © It may ea- 
ly and exadtly be obtained. by the fore- 


going rules. 


£7 
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SECTION 


Of the uſe of the ſextant m meaſuring flanding 
or growing timber. 


48. T HE reader i is not to ed here, 
a treatiſe on timber meaſure : ; 
but only a few uſeful hints to ſuch as are 
acquainted with the menſuration of ſolids; 
how they may very expeditiouſly meaſure 
and value any quantity of ſtanding timber, 
nearly as exact as if it was fell. 
49. If the reader has made himſelf ac. 
quainted with the laſt ſection; he can be 
at no loſs how to find the height of a tree: 
only he muſt obſerve to take the height no 
farther than it is called timber, that 1s 6 


inches 
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inches girt or quarter compaſs, or 24 
inches in circumference; which his on 
judgment will beſt direct. | 
50. If the tree does not grow upright 
you muſt ſtand ſo to take the height or 
length, that the tree may lean to the right þ 
or left hand, and not to or from you; and 
then if the tree lean almoſt to the ground, 
you will have the true length, if the image 
of its top be brought to the chalk mark, &c. 
51. Having found the height or length 
of the tree ſo far as it is timber ; the next 
buſineſs is to find the girt, or quarter com- 
paſs, according to the cuſtomary way; 
which if the tree grow tall and tapering. 
may be found thus: meaſure the circum- 
ference of the tree near the ground, viz: 


at the ſpreading abroad of the roots, auld © 


the fourth part of this is the girt at the 


bottom; and ſix inches i is always (in b 


caſe) 
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caſe) the girt at the top; and half the ſum 
of the top and bottom girts, gives the girt 
in the middle as required. 

52. But in pollards or trees that „ 
had their tops cut off, and their branches 
frequently lopped for fuel, as is the cuſtom 
in ſome countries; you may commonly 
by ſmall diſcretionary allowance, make the 
mean or middle girt a little leſs than it is, 
five or ſix feet from the ground: for ſome 
of thoſe trees being almoſt as thick at the 
top as the bottom, therefore by a little care 


and practice the difference ny be eaſily : 


_ accounted for. 


53. However, as the foregoing methods 
of finding ſome of the dimenſions, may be 
thought by ſome perſons, too imperfect, 
eſpecially in very large and tall timber: 
1 ſhall therefore proceed to  ſhew how to 
F : take 
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take all the dimenſions as 2 As = the 
trees were fell. 


54. IFebnereocwbolk anne you want, ds 
tapering to the top, it is neceſſary to ſind 
the place where it is only 6 inches girt, or | 
24 inches in circumference ; and may be 
very easily found thus; having made a 
chalk mark equal to the height of yaur 
eye from the bottom of the tree, and pa- 
rallel to the ground or horizon, croſs it 
with two perpendicular ſhort lines at the 
diſtance of 5 4 inches from each other; 
then ſetting the index of the ſextant to 43 
degrees on the limb, go back from the tree 
till the breadth of the image of the top 
part of the butt of the tree be juſt equal 
to the ſpace between the two perpendicu- 
lar chalk lines, viz. gr. 4 inches: then wil 
your diſtance from the tree, be juſt equal 
. | to 
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to its height or length, ſo far as it is 
called timber, above your chalk mark. 

35. Take the girt (that is the fourth 
part of the circumference) near the bot- 
tom, to which add 6 inches the girt at the 

; top; half this ſum is the girt in the mid- 


dle, therefore having obtained the length 
and girt in the en | 2880 content | is 


Found as uſual. 

56. If any obſtacle ſhould prevent your 
going ſo far back from the tree, as the an- 
gle 45 degrees requires; then uſe the an- 
gle 63 ,, 26, and go back till the breadth 
of the image of the top part of the tree is 
but 3, 4 inches; then will the tree's height 
or length, be juſt double (22.) . di 
tance from the ſaid tree. 


57. If the top of the trees butt, alle 
the branches iſſue or ſpread out from the 
ſaid butt, exceed ſix inches girt; then 


having 
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having ſet the index of the ſextant to 4z 


degrees, go back till the i image of ſuch 
part of the tree where the branches do thus 
begin to ſpread, - is brought to the chalk 


mark; and there ſet: down a ſtaff. or other 


mark : ſet the index' of the ſextant to the 
next angle in the table, leſs than 45 de- 


grees, viz. 269%3 4', and looking. at the 
chalk mark, obſerve what part of the tree 


is ſeen in the quick - ſlvered part of the ho- 


rizon glaſs to coincide with the ſaid chalk 


mark; which will be the middle of the 


tree, or of that port above the chalk 


mar... 

358. Then take the angle 6f ati tree's 
diameter in ſuch place (or middle juſt 
found). by bringing the image of the right 


hand ſide of the tree, to coincide with the 


leſt hand ſide; which angle enter in your 
wood-book; take the angle alſo of the 


A | | tree's 


FG Aa 4 —2 — 


38, (Or MEASURING (ArrEN.) 


tree's diameter at the chalk mark, which 


alſo enter; then meaſuring your diftance 


from the tree, gives the height or length. 


39. Meaſure the tree's girt (that is, the 
fourth part of the circumference) at the 


chalk mark, and ſay by the rule of propor- 


tion, as the angle at the bottom (or chalk 
mark) is to it's girt, ſo is the angle at the 


middle to it's girt. But as your diftance 


from the middle is greater than from the 


Þottom, this fourth term muſt be increaſed 


in the Tame ratio; this may always be 


done (when the angle 45 degrees is made 
uſe of to find the tree's height) by multi- 


plying the fourth term by 1,1 : all which 


is performed by the fliding rule with the 
utmoſt eaſe and ſufficient exactneſs. 


60. The middle girt here found, is the 


middle between the chalk mark and the 


top; and conſequently the content of that 
| part 


* 
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part muſt be found, and added to the con- 
tent of the part below the chalk, which is 


ea meaſured. 


But in ponies it. © will be henna take 
agg angle about 15 or two feet below the 


place indicated by the chalk mark, accord- Ts 


ing as the part between the ſaid mark and 


the ſpreading of the roots at the bottom i is 


s * 
8 0 


3 or 4 feet, &C. and the girt ſound to 
this angle will be ſufficiently. near the mid- 
dle, between the 0b and bottom of che 


** 


— —_ the chalk mark A the 


tri 


ſpreading of the roots, 10 the diſtance or 


height before found, the 15 will be W 
whole length. 1 hb as 
61. If the angle 630 526 he aſc for the 


Ai the part below] the chalk mark : 


muſt, be added to twice the diſtance fort the 
whole ie Jepgth.; . and the MS. found i in | the 


F 
1 
J 
; 
: 
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middle by proportion, mull be increaſed 


in the ratio of 1 to 1,4 : that is, multiply 
the girt found by proportion, by 1. 4. and 
the product will be the true girt in the 


miudle. A few examples will an al 


+ Hh 


plain to She meaneſt capacity. 


, * - * =» * 4 » 
N 1 , * * * * 1 0 1 1 
— * - 2 * * 1 a wy * 8 * by 3 7 
N , - * * * a» FI S wt + "Im * 4, 
E A M P : L E : 
” 
o * id * 6 * * * 
, % * 4 Fo 1 * 
p ©. 8 6-4 . { » &©&$. © & 5 . ' * 
— b F g . 4 4 
* * 1 . — 1 ar 3 4 F 2 8 3 4 * 4 8 


When a tree grows tapering to > leſs than 
ſix inches girt. | 


Meng made a mark on the tree ; feet 


Em the ground with chalk, parallel to 
the horizon, and croſſed it with two ſhort 
perpendicular lines at the diſtance. of 5,4 


inches; I ſet the index of the ſextant to 


45 degrees, and went back from the tree, 


till the 1 image of the top part of the tree 


| was equal i in breadth to the ſpace between 


the chalk lines or 54 inches ; J then mea- 
x ſured 
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ſured my diſtance from the tree, and found 
: it 26 feet; 1 alſo meaſured the circum- : 
ference at the ſpreading of the roots, viz. 
10 fs the fourth FP: wha + is 2 fret 6 
inches, for the girt at the bottom, to which 
add 6 inches for the girt at the top, and 
the ſum j is 3 feet, the half of which, 1 foot 
6 inches. is the girt in the middle. And 
the whole length i is 4 feet added to 26 lest 
We. diſtance, equal to 30 feet. 


Then Ri 5 the — 
1355 the fame 


LOI 


2, 25 ſquare of girt 
30 length 


— — 


Feet 67,50 the content = 674. ft. 


By the $11DING Rus. 


bs 7 mM a 
As 12 : 30: : 18 : 675 content. 


That is, ſet 12 on the girt line to 30 the 
2 in feet on the ſlider, and againſt 18 
GC. 9 b inches 
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inches on the girt line (being the middle 


girt) is 675 feet, the anſwer on the ſlider. 


62. It is eaſy to obſerve, that if the 
middle girt of any tree be juſt one foot ; : 
then the content will be juſt equal the 


length i in feet and inches of ſuch tree. 


| Hence is deduced another eaſy ſolution 
by the ſliding rule, viz. Set one foot on. 


the girt line to 30 feet, the length on the 


ſlider, and againſt 1,5 feet the middle girt, 


is 674 feet the content as above. 


And this rule is general, when the di- 


menſions are taken in feet and decimal 


parts, or reduced to ſuch. 


EXAMPLE II. 


63. When the top: of a tree, at the 


Ae of the nn girts more m_ 


„ Having | 


th 
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Having made a chalk mark 3 feet from 
the ground. J ſet the index to 4 5 degrees. 
and went back from the tree till the i image 


of the top of che butt (or the beginning of 


the ſpreading of the branches) was brought 
down to the chalk mark, and ſet down a 


ſtaff. Then I ſet the inden to 269,,345 
and obſerve what part of the tree's butt 


has it's image coinciding with the chalk 
mark ; and at about 2 feet below ſuch 


part, I took the angle of its diameter, and 


found it 3 „, 30); ; 1 alſo took the angle of 
diameter at the chalk, and found it 
58 300 I then meaſured my diſtance 
from the tree, and found it 24 feet ; I alſo 
meaſured the girt at the chalk; and found 
it 181 feet, all which I entered in the 
wood - book thus, each under its proper 
title; ſee the wood-book in the ſpecimen 
following. Then I ſay by the Hiding rule 


Cc 3 on 


* 
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on the lines of numbers, as 5.5%: 3 of 
1,81 ft.: 1,1 . this multiplied by 1,1, 
gives 4; 26 feet for the middle * ; "or by 


the liding rule thus; as * 


ft.: 1.26 feet. Then for the = by 
the girt line on the fliding rule, (62. ) as 
1: 28; 1,26 ; 445 f feet | ah content. 8 


The ank by the pen. 


128 middle me. Eaton 
62,1 lame inverted | 


126 
25 
8 


8,59 ä ſquare of girt 
28 length 


1272 
318 


— mmm 


44.52 feet. | Content, 


EXAM- 


81 


ste. II. STANDING TIMBER; 307 


EXAMPLE "ne 
- 03 DET 
64. When's an obſtrudion prevented my 


uſing the angle 45 degrees. 8 
I ſet the index to 63% 26“, and went 
back till the tree's top was depreſſed to 
the chalk; then 1 ſet the index to 45 
degrees, and obſerved the middle; and 
at 24 feet below, I took the angle of diame- 
ter 7% Halfs took the angle at the 
chalk 1 35,52 55 and meafured my diſtance 
10: feet, which doubled, and the 5 feet 
below the chalk added thereto, gives 26 
feet for the whole length of the tree. 1 | 
then meaſured the bottom girt 1 922 icet, 
and fay, as 13 e „6: 2: 1,96 


feet; this multiplied by 1,4 giver 4; 0 bs 
for the middle girt. 


Fa; i 


3 WT 4 : 4 | : 
* c 4 F 
1 4 ; . N * 1 
% %, R x ' 4 5 
7 % s .x * 
8 F 4 x * 4 4 
: C { _ q : | ; 
, * 
: o : 
P . * K [ : 
t "ﬀ : 2 : 4 „ en 7 
þ & ; FOI ö z 1 A 4 : Fy * 
” þ { 
e 
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Then for the content by the ſlid ing rule, 


(62.) as 1 t. : a6 fl. 2.2 5 62,7 feet, 
the content. Or thus by the pen ; 


it; 55 middle girt 
5 ee 


— — 


2,41 ute irt 
26 nen 


wy 66 feet. Content, 


65. Here follows a ſpecimen of 2 Wood- 


I 


book, containing the foregoing examples: 


+ 
| 
| 


er ee 
IE «as | Es E SEA 4 
HEEEHEFEEHHH 
81588 88 = 0 S 8 S 80 81 
hs : Qq CF i 
— 27 4 i 1 
hp. M. D. M. D. M. F. F. F. F. 
is oof - - 302,5 | 1,5 | 67,5 
[2445 005 30] 3 30} 28 | 1,81] 1,2 4535] 
|.3163 26113 250 7 831 26 | 1,96] 1,55] 62,7 


5 5 N 
— 4 


SECTION IV. 


The uſe of the Sliding Rule in caſting up or 
finding the contents of land. 


66. 0 find the content of a triangle 
by having d bn 8852 and N 
dicular e 


R U IL. E. 


Say (by the lines of amid A and B) 
as 20 on the line A is to the baſe in 
chains and decimals on the line B; ſo is 
the perpendicular in chains, &c. on A. 


to the content in acres and decimals on 
the line B. 9 5 


_— 
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mY 


EL AMPLE 


67. Given the baſe 12, 60 chains and 
the erh 742 5 chfin to find the 
- content. | . 
= As 20 : 12,6 : 7.25 4.57. that i is, ſet 
20 öh A, to 12. 6 n B. and againſi 7, 25 
on A is 4 57, the content on B. = = 4 acres, 
2 roods, 11 1 perches. 


| 68. 'T fu the area BY 5 a  triengle 05 having 
two fi 225 and the included angle given. 


d 


R 3 155 E. 


: Firſt ſet 10 on A, to the . 8 one 
ide on B, and againſt the length of the | 
other ſide, on A, is a fourth term, on B, 

Second! . ſet, 10n A, to this fourth term 


on B, and againſt the fator for the given 


angle 
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angle on A, is the anſwer or content 
on B, in acres and decimal parts. 
"EXAMPLE, 8 
69. Given :one ſide 8. 50 chains, and 
the other g, 20 chains, and the included 
angle 80 degrees, whoſe 1 (by Tab. . 
3) is „4924. 
Then as 10: 8,5 9. 2 7.8, fourth 
term; And as 1: 7.8: : ,492 : 3.85. 


the content equal 3 acres, 3 roods, 16 


1 


7e. Hitthe given PY diagonal and fl of 
the perpendituilars of any trapezium,” * As 
the content by the faut rule. 


INI U 1 
get 20 on A, to che ee on B. and 
pgainſ the ſum of the perpendiculars 0 on 


A, is the content on B. 
|  EXAM- 


395 LAND casr ur zr e 


* 
EXAMPLE. 


70. Given the diagonal 12,42 chains, 
and the ſum of the poets 13,25 
chains; as 20: 12,42 :: 13,24 : 8, 23 


acres, equal 8 acres, TP perches, 


. Io find the area of a traperium * having 


"i A des and angles given. 


VU. La 


Suppoſe a diagonal to be drawn, and it 


reduces it into two triangles, which caſt 


up by (68) and their ſum will be the con- 
tent of the trapezium, _ 


72. Given the ſides of one part 6,8 and 


6 * and the included angle 92, 430 55 . 


whoſe 


< 
% 
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whoſe factor is ,499. And the other part 
6,20 and 4.8 chains, and the A 
gle 115 degrees, whoſe factor is 4 453. 
Then as 10: 6,8: : 6: 4,08. 
And as, 1: 4, 8: : ,499 : 2,04 acres. 
Again, Mt 10: 6,2 : t 
And as 1 2.98: „453 1,35 acres; 
and their fam is 3,39 acres, equal to 3 
acres, 1 rood, and 22 perches. 


3, To reduce flatute meaſure to cuſtomary. 


R U IL. E. 


Say, AS: the ſquare of the cuſlomary 
perch is to the given number of ſtatute 
acres, ſo is the ſquare of the ſtatute perch, 
to the number of cuſtomary acres. 


E X AM L E. 
74. How many cuſtomary (Lancaſhire) 
Acres; of 8 yards to the perch, are con- 


tained 


898 V PD LU A TION (Aryzn.) 


tained i in 42,3 1 ARS of 5 yards 60 
to the perch. 
As 64 4373 : 30,25 : 20 the number 
of cuſtomary acres. 


75. As the valuation of land, is of as 
much importance as meaſuring ; I have 
added the following table, ſhewing the va- 
lue from one to fifty ſhillings an eve; of 
any quantity of land. FETs 
76. Explanation and uſe of the TABLE, — 
The firſt column contains the value, er 
acre; the ſecond; the yalue of three 
roods; the third, of two rode, . (See 
5 the table.) | 


5 


77. To find the walue of any quantity of land, 
at any rate per acre, by the table, 


4 2 VEL ES 
Multiply the number of acres by the 
rate or value per acre, to which add from 

the 


Sr. IV O FE I. AN D. 2399 
the table, the numbers for the: ropds and 
perches ſtanding agajnſt ſuch, value, gud 


their ſym; will be the true lug, 
E X A * 3 


78. What is the value of 12 acres, 3 
roods, 20 o perches; at nA, an Acre. . 


"4," 5 
24s 2 wt 4 


45 & "I 

4 %⁹²ͥ 

o 05. 3 per table. 
0. op 40 ditto. 


They 12 cres 1 
We 8 125 i 


= 4 . 15 


[4 EL 
"i {ri — 


„ 
2 : 


f E X A M f I E II. 
79. What is the value of 8 Acres, 3; x00ds, 
and 23 perches, a at 12 2 ſhillings a an acre ? 


11 *. 4.1 id, | 
1 as = 4: 00: T 
4 *%, 2 * 0 : 16: 00 
2 i, 2 0. IN Co 5 
. 
5 10.715 1 $4 
. | . 2 is =O: wk 3 
57] 774.45} is On 
ch. a 
HH, we 26 =0:90: oO | 
Anſwer, = 8 5 : 06 : 81 
— 4 


406 VALUATION ahh 
F X A MPL E | 


80. What i is the value of 30 acres, 2 
roods, 16 Perches, at 35. and 6d. an 
_— 


> 


5. d. 

Si EE e 

7M roods, at at} 35 i = 8 ; 0 5 
"20 pek. f e % 

e. ahi b 2 d 

7 Anſon 3 55 03: 11 


; 07. 14 


Note. Fe or rthe value a at 6d. take hal the value at 13 &c, 


81. The nd and third 1 as 
well as many others, may be abbreviated. 
by finding the value to half the price, and 
then doubling it; or finding the value of 
double the price, and taking the half 

thereof; will give the t true value in either 
—— N 
2 1 „ Thus 


Thus in EXAMuPLE II. 


14 „ e 
The value of 8 acres, at Guns fa 
3 roods, at do, is o 4 6 
20 perch. at do. is © o 9 
3 Perch. at do. is o ©. 1 
value at half the price 2 13 41 


Add the ſame 2 13 44 


the ſum is the true value as bins 5 6 88 


Alſo in the e EXAMPLE. 
The value of 30 acres, at 75 is 10 10 O 
2. roods, at 4} is o 3 6 


10 perch. at do. is 53 
6 perch at d0. Is, 0 1 
The value at double the price ny 2 10 Is 24 


e — — 


—— 


The half gives the true value = 5. * Iz 


— 


82. If land has coal or other mines in 
it. and is let or ſold by the acre; the price 
or value per acre, may much exceed the 
limits of the foregoing table; yet notwith- 
ſtanding this, its value may be found very 
eaſily by help of the ſaid table, as follows: 

Dd Firſt 


le VALUATION or LAND. ek 

Firſt find the value of the given quantity 
of land, at 20 ſhillings or one pound an 
acre by the table; then multiply this 

value by the value of the land per acre; 
and the product will be che anſwer. 
ZX AMT EL |. 

Suppoſe 6o acres, 2 roods, and 3 perch. 8 
having a mine of coal in it, which is ſold 
for 30 _ an acre; What is its value? 

| 5 1 
5 F irſt the value of 60 acres, 2 roods, o 
perches, at 20 8. or 1 l. per 0 is 


worth by the table 60 10 42 

Multiply by 6 

dle value at 6. an acre 300 3 
Multiply by „„ 


1 


0» At IE 


value at 30l. an acre is 1815 8 


In the ſame manner may the value of 
an eſtate be found, at any number of years 
| purchaſe. | 


SECTION 


| [ M 


. : * 4 : , 4 
— — P 5 das * « . 
*% 1 i 
= . . 3 * 
: 8 
1 ; * 
81 0 : 1 p + 
S | FE. e T 1 | O N | | / : | 5 
_— » 
— 5 * * * Fol 
if * 


. -» 
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83. Intended- in the foregoing part of 
1 this work, to have added County a and 
Coaſt Surveying ; but found ſo many new 
and uſeful improvements, „which are abſo- 
lutely neceſſary in making a compleat and 
accurate ſurvey of a county or a coaſt ; 
that I found it would ſwell this volume 
dee uch. ie come within dye Een © 
well as inhance the price too much. But 
if what 1 have already done, meets with a 
favourable. reception by my friends and 
the public in general ; : It may, perhaps, 
induce me at ſome ſuture opportunity, to 
Dd * lay 


. MEASURING K(arrzx.) 


lay before them che whole of my improve- 
* in County Surveying. 


84. In meaſuring of roads, there are 
chiefly two inſtruments: in uſe, viz. the 
perambulator, way-wiſer, or ſurveying 
wheel, and the chain ; the former has ge- 
nerally been made uſe of, as being more 
eaſy and more expeditious than by the lat- 
ter; but where great exactneſs i is required, 
1 would recommend the uſe of the chain ; 
for I haye often obſerved by following a 
perſon driving the ſurveying wheel, as alſo 
when I have driven it myſelf with the ut- 
moſt care, that its track was ſo irregular . 
and waving to the right and left, as well 
as paſſing over ſtones and into holes, that 
in meaſuring a mile or two, it would en- 
creaſe the diſtance very conſiderably, and 
much more ſo in great diflances ; ; but the 

| chain 
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chain is not ſubje& to any ſuch errors.. 
I ſhall therefore give the young ſurveyor 
a few directions for meaſuring roads by the 
chain only ; and ſhew him how to keep a 
road-book. 85 

85. If the road to be 1 1 0 lead n 
a town, then begin at ſome remarkable 
place in the town, as the market-croſs (if 
there be any), or church, &c. which place, 
inſert at the top of your road-book, which 
having three 'columns near the middle, 
marked M. F. and P. to inſert the miles, 
furlongs, and poles ; and the part to the 
right and left, are for inſerting remarks, 
&c. Having inſerted the place where you 
begin, let your aſſiſlant lead the chain 

and keep along the middle of the road as 
| near as he can, meaſuring on till you come 
to ſome remarkable object, as a croſs: 
ſtreet, end of the town, croſs lane, &c. 


D d — which. 
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which enter in the column of remarks, 
and if it be a croſs road enter where it 
comes from, and leads to, &c. drawing 
two ſhort parallel lines to repreſent the 


road, obſerving to enter the objects that 
are on the right ſide of the road, in the 


right hand column of remarks, and ob- 
jects to the left hand, in the left hand co- 
lumn, &c. and when you have meaſured 


ten chains, enter 1 in the column marked 
F, for one furlong; and at the next ten 
chains, enter 2 furlongs, &c. to 8 furlongs 
or 80 chains; ſor which enter 1 in the co- 
lumn of miles, and o in the column of 
furlongs, and when there are any odd 
chains or chains and links, at any remark, 


over and above the furlongs, or miles 
and furlongs; multiply them by 4, and 
ſet the product in the column under P or 
poles; for one chain makes four poles, 

1. and 
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and ten chains makes forty poles or one 
furlong; therefore any number of chains 
leſs than ten, being multiplied by 4+ - the 
product will be Poles. 

86. But inſtead of writing R's changes 
or furlongs, regularly one under another 
in the column of furlongs, it will be better 
to enter them in a line in the right hand 
column of remarks; writing only the furs 
longs and poles in the middle columns 
that occur againſt their reſpective remarks; 
and when you have meaſured eight 
changes or one mile, draw a line acroſs 

your road-book, and enter one in the co- 
lumn of miles juſt under the line, and cy- 

phers in the columns of furlongs and 
poles. The following ſpecimen of a road- 
book will make the whole Proms to the 
meaneſt capacity. 


D444 :- A Survey 


&* * 
7 - 
* 
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* ” 2. 
3 


4 Survey of the Road leading from W—LL 


Ckoss to C 


—H BRIDGE, in the Street- 
way road, in the Pariſh of C 


December, 1764, by B. T. 


"1 
. 


— 


13 


O AD B O O K. 


| Remarks, &c. | 


M F|P P = & © Changes, 
WII Croſs o oſc 1234567 8 
Hall-lane | 1100 
| 1 55 u [24{the bridge 
Road to W. Hamp.=| 2 36 5 
13 20end of town 
Blue lane ={ 5 8 5 
— — — — 
0 01 2345678 
2 20 Hollybuſh ſtile 
| | 15 |12]Broad ſtone 
To Bentley =| | 7 300 to Harding 
8 J 
Mopes Aſh | o 120 to Blakenol 
to Bentley =| |1 
T 1% gc etch hall 
to Eſſington =| 436 
Bloxwich Chapel| |5| 4 
enter Shortheath . 6 36 


| 


— 


(Arr.) 


K; taken 


1 ũů 
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ROA D BOOK continued, 


| Remarks, &. M F P Remarks & Changes, | "I 


_ | - — a — — — 


. 8 3 0 J 2 3 4 5 6 OF 8 | 2 7 
Turnpike from | | {= to Lichfield i 
W. Hampton > 2] off Shortheath 


30 S to little Wirley 
36 Ellsfield Hal! 


a. — 


1 


91 2 3 4567 8 3 
zojend W ——1] Pariſh 


enter Efington Com. 
24a ſmall brook. 


a Houſe 14/off Eſſington Com. 
enter C—k Pariſh 4 | 
5 wy 2 34 5 6 7 8 
| „ 12. to Little Wirley 
firſt Ale-houſe in | |7| great Wirley 
; see or23456 
Old Loggerheads 16 


28 = London road 


th; i. Mi. the a m 


* — 


op 01 2 [ED SOD SO 
= — 
00 


| Ch br. ſtreet road 


— —— ———_— 


—— _ * 9 „* 6 . 


Note. If the road is to be planned. then 
take the moſt material angles as you go. 
along, and place them to the right or left 

. column, as they happen to be obſerved. 


E ar 4 
SS 4" 1% / « N ; 
R Bad 1 RK. 


416 Or DIVIDING . [Arrzx.) : 


„ 


87. 8 I wrote the 12th Section on 
the Dividing of Commons, &c. 1 
6. made enquiry into the methods uſed 
by the beſt practical ſurveyors, and find 
that they meaſure the land of different va- 


lue in ſeparate parcels, and find the ſepa- 


rate values thereof, which added into dif- 
ferent ſums, gives the whole content, and 
alſo the whole value. Then (by Prob. 1. 
Se, 12.) they find each man's propor- 
tional ſhare ef the whole value; and then 
lay out each perſon a quantity of land 
equal in value to his ſhare. This they do 
by firſt laying out a quantity by gueſs, and 
then caſting it up and finding its value; 
and if fuch value be equal to his ſhare of 
the whole value, the dividing line is right; 

but 
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but if otherwiſe, they ſhift the dividing 
line a little, till by trial, they find a quan- 
tity juſt equal i in value, to the value of the | 


ſhare required. 


If any ſingle ſhare contains land of fe 
veral different values ; each i is meaſured 
ſeparately, and their ſeveral values found; + i 
and if the ſum of them be equal the value 


ſought, the di ifion is right; if not. it 


muſt be altered till it does come right. 
88. This me hod is very tedious as well 
as laborious, (but perfectly true both in . 
theory and practice; and had 1 known it 
before I wrote the abovementioned ſection 
it would have prevented the inſinuations 
thrown out there as touching the truth of 


the diviſion of commons. 


A CAUTION 


— ͤ | IR ne” 
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an, | ; 


. # . 


4 Curio to Young Suxvzvoks. 


K » 
74 . 
- FA 
> 
. . 
* 4 
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89. In meaſuring ſingle incloſures, it is 
common to meaſure to the growers if the 

ditch be on the outſide of the land you 
ö are meaſuring, and to add 5 links ſor the 
dich; then in meaſuring the next line if 
there be any off-ſets they muſt be meaſured 
only to the hedge, becauſe the chain line 
is not at the extremity of the ditch, but 
parallel thereto, and having the hedge and 


: | — : CLIENT 
ditch between. WS Yo 88 
> N 7 
; [DS f * 1 85 


